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Abstraot 

■ jo  n:"  • 

'-f-  This  projeot  was  concerned  with  the  construction  of  a per- 
formance test  to  be  used  in.  Navy  Sohcols  for  Electronics  Tech- 
nicians* The  procedure  used  in  constructing  and  administering  a 
performance  test  f - trouble  shooting  the  SG-lb  rader,  the  test 
itself;,  and  dpte  based  on  the  administration  of  the  test  are  re- 
ported* 


This  project  was  further  concerned  with  a study  of  the  ad- 
ministration of  performance  tests  for  electronics  technicians* 

In  accordance  with  this  objective: 

(l)  A procedure  for  applying  a special  variation  of 
sequential  sampling  ~.o  performanoe  testing  was  developed, 
and  published  as  a sepaz^te  report. 

{2^  A series  of  '’tab1*  items  wss  develooed  and  administered ^ 
and  standardized  tests  were  administered  to  the  same  group 
of  Navy  students  who  took  the  performance  and  tab  tests 
described  above*  Personal  data  were  also  collected  cn 
these  students  in  an  attempt  to  discover  relationships  : 
between  these  data  end  performance  test  scores.  The  pro- 
cedure used  in  constructing  the  taste,  the  tests  themselves,  and 
partial  data  baaed  or:  these  instruments  are  reported. 

(4)  Temporary  concealment  of  front  panel  indications  on 
the  equipments  used  for  performanoe  testing  was  employed  in  an 
effort  to  make  observation  of  performanoe  testing  more  objec- 
tive* 


V 


Navy  personnel  were  used  in  the  final  administration  of  all 
tests.  The  training  program  used  for  these  personnel  is  de- 
scribed. 


Data  on  inter-ob server  reliability,  inter-soorer  reliability, 
internal  oonsistenoy  reliability  (coefficient  elphe).  faoe  valid- 
ity, and  acceptability  of  test?  to  instruotora  and  students  ar6 
reported. 


The  results  seem  to  indioate  the  following* 

(3.)  With  regard  tc  the  performance  tests  used,  inter- 
observer and  soorer  reliabilities  are  remarkably  high. 
Internal  oonsistenoy  reliability  is  adequate,  but 
moderately  low,  due  to  the  high  rate  of  learning  in- 
volved.  Faoe  validity  and  acceptance  of  the  tests  is 
quits  high. 

(2)  With  regard  to  '.aw  Atoms,  mter— iq.k.Mwih ‘i?* 
are  quite  high.  Internal  oonsistenoy  reliability  is  slightly 
lower  than  that  of  the  performance  test.  Correlation  with 
performance  tests  is  moderately  low,  probably  auw  in  large 
part  to  the  reliabilities  of  the  two  tests.  F~-ce  validity 
is  high,  and  acceptance  of  the  tests  is  extremal y good. 
Students  end  instructors  consistently  asked  for  more  suoh 
testa.  One  of  the  problems  involved  in  the  estimation  of 
reliability  was  the  amount  o.£ ..learning  which  occurred 
during  test  administration,  which  suggests  that  the  tab 
items  may  be  even  better  as  a teaching  instrument  then  as 
an  evaluation  instrument. 
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INTRODUCTION  AND  OVERVIEW 


Ihsks  whioh  the  Navy  is  expsoted  to  perform  require  that 
many  types  of  electronic  equipment  funotion  reliably  within 
tolerance.  Uses  to  whioh  electronics  equipment  are  being  put 
are  constantly  incrossing,  -crocvcr,  individual  electronic 


devices  grow  more  complex,  especially  as  "operator  convenience" 
demands  are  made.  Tilth  naval  operations  so  dependent  upon  the 
information  and  services  provided  by  radio,  radar,  and  other 
electronic  equipment,  the  problem  of  maintenance  becomes  criti- 
cal. One  of  the  knotty  problems  faoing  naval  administrators  1b 
that  of  knowing  how  to  judge  the  effectiveness  of  maintenance 
personnel.  In  an  attempt  to  learn  more  about  technician  effect- 
iveness, research  ’under  Contraot  N6ori-07142  was  conducted  to 

J *c.  » S . ..  « .1  t_  . » . _ J 4 - » V ; ' i. »* 

uvfviOp  «iiu  b u'uuy  ouA'vnuio  yo*  I u i'iua aau ty  tcu  t uicaouico  xua  uoo 

with  electronic  technicians,  particularly  in  the  Navy  school 
situation. 


For  the  purpose  of  organizing  fcnis  report,  the  study  is 
broken  into  chroe  phases.  Phase  I deals  with  planning  the  re- 
search and  writing  the  test  items  which  were  used  in  phase  II. 
During  phase  I,  the  study  was  more  carefully  defined  than  had 
been  true  of  the  original  proposal  and  also  was  considerably 
delimited  in  soope.  Another  vital  part  of  phase  I involved 
trying  out  the  performance  ceet  items|  at  the  same  time  giving 
team  members  of  the  projeot  a ohanoe  to  practice  observing  and 
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recording  the  behavior  of  student  teohnioiens  os  they  responded 
to  the  performance  test  situation. 

During  pha'j6  II,  data  were  ool looted  cu  a group  cf  gradu- 
ating students  from  the  Class  A technician  school  at  Treasure 
lilted,  Sin  Francisco,  California.  A criterion  measure  of 
trouble-shooting  ws a obtained  through  edsini  strstiwu  of  the  u.n— 
dividual  trouble-a’iooting  performance  tests  developed  during 
phase  I,  using  the  SG-lb  surface  search  rador  aa  a vehiole. 

Five  and  one-half  hours  were  allotted  per  man  to  be  used  for 
performance  testing.  The  remaining  time  (each  men  waa  made 
available  for  two  working  daya)  was  used  to  administer  a 
battery  of  reference  tests  as  well  as  a paper  form  of  trouble 

t 

shooting  test  known  as  the  “ihb  Test.” 

An  analysis  of  the  data  gathered  during  phase  II  consti*= 

tutrs  phase  iii,  -he  problems  faced  during  this  phase  centered 
* 

in»  (a)  assigning  scores  to  eaoh  person  on  every  test,  (b)  de- 
termining the  accuracy  of  the  scores,  (c)  finding  the  extent  to 
whioh  reference  variables  would  predict  the  performance  test, 
or  oriterioii,  and  finally  drawing  conclusions  that  seemad  to  be 
implied  by  the  u a lg  v 

It  is  unfortunate  thr t complete  analysis  of  phase  II  data 
oannot  be  made  in  this  report,  Beosuse  of  the  sudden  decision 
by  the  Bureau  of  Naval  Personnel,  not  to  renew  oontraot  fifiori- 
07142  as  had  been  planned,  the  project  teem  was  foreed  into  a 
sharp  re  trench  meat  in  terms  of  whet  would  be  done  as  well  as 


the  timetable  for  doing  it,  Ae  a.  result,  this  final  report  my 
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be  looked  upon  as  our  beat  salvage  efforts.  Continued  research 
on  technician  effectiveness  is  being  carried  on  independently  ot 
by  one  of  the  projeot  members  without  Governmental  support, 
ih is  study  is  specifically  in  the  area  of  criterion  analysis  • 
and  the  prediction  of  the  criterion  by  selected  reference  vari- 
ables. When  this  analysis  has  progressed  sufficiently  a report- 
of  the  findings  will  be  submitted  to  the  Bureau  of  haval  Person- 
nel. . .<  ... 

Since  it  was  and  is  still  felt  that  performance  testing  will 

always  be  seriously  limited  in  usefulness  until  it  is  made  more 

efficient,  concurrent  with  working  on  the  above  problems  an  si— 

« * 

tempt  was  made  to  apply  the  theory  of  sequential  analysis  to 
performance  testing,  £ rationale  wns  developed  and  put  to  an 
empirical  test  using  the  data  gathered  in  phase  II.  This  phase 
of  the  study  has  been  published  as  a separate  technical  report 
entitled  A Suggested  Us6  of  Sequential  Analysis  in  Performance 
Acceptance  Testing. 

i 

In  another  attempt  to  improve  the  efficiency  of  performance 
tasting,  e limited  exploration  was  made  of  the  use  of  the  "tab 
item”  type  of  :est.  Hie  "tab  item*"  developed  by  l>amrin#  attempts 
to  moesure  some  of  the  same  faotors  tapped  by  performance  test6 
in  the  problem  solving  field.  The  results  of  this  part  of  the 
Klcudy  are  reported  in  pha se  III. 


PEASE  I EXPLORATORY 


At  the  outset  of  the  research  progren  it  was  felt  by  the 
projeot  members  (one  half-time  director  end  one  full-time  re* 
issrch  associate)  that  the  validity  of  a ay  results  or  oonolu— 
sions  would  suffer  if  the  initial  planning  was  not  well-founded 
in  the  actualities  of  the  Eleotronios  Technician  training  situa- 
tion. It  appeared  obvious  that  the  project  members  should  have 
an  awareness  of  the  content  or  subject  matter  whioh  is  taught 
in  a Class  A Eleotronios  Technician’"  School  as  well  as  an  aware- 
ness of  methods  of  instruction  and  problems  of  administration,  ao 
as  to  be  able  to  see  problems  from  the  point  of  view  of  the  students 
and  staff.  In  order  to  become  acquainted  with  the  training  situa- 
tion, a preliminary  conference  was  held  between  representatives 
from  the  ET  sohcol  and  the  members  of  the  project.  Following 

• • : » 

this  visit  it  wjs  deoided  that  the  knowledges  desoribed  above 
oould  best  be  gained  by  spending  time  in  the  service  school  as 
a student.  It  was  feasible  for  only  the  full-time  project  mem- 
ber to  do  this  and  so  approximately  six  weeks  were  spent  with 
aeieesee  instructors  at  the  Class  A Technicians  School,  Great 
lakes.  Ihr-se  weeks  were  spent  in  the  study  of  f undamente  1 s 
which  composes  tha  first  twenty  weeks  of  the  course  for  eleo- 
tronios technicians.  The  fourth  and  fifth  weeks’  work  was 
spent  in  receiver  and  transmitter  phases  respectively,  while 
the  sixth  week  was  used  for  the  study  of  radar.  The  six  weeks 
spent  as  a student  were  extremely  helpful  in  all  subsequent 


areas  of  work*  me  -study  was  both  ‘thebretioel  and'  praotioal 

• • • * 
v ’ • • **  " 

in  that  the  project  member  sotualiy  built  the  major  portion 
of  the  projects  oo'.v  *:ruoted  by  the  stxtdents, 

delimiting  the  Problem 

The  ultimate- criterion  for  technician  effectiveness  is  de- 
fined by  the  duties  that  are  required  of  technicians.  These 
duties  are  specified  by  the  statement  or  qualifications  for 
the  ET  rote*  Fourteen  praotioal  factors  are  listed  fora  third 
class  petty,, officer  in  the  E-T  rate*  A study  of  all  duties  of 
a third  class  ET  as  speoified  by  the  qualifications  manual  was 
clearly  not  within  the  limits  of  the  present  contract  «i a con- 
siderable delimitation  was  heoessary.  Since  a choice  needed  to 
be  made  among  the  duties  performed  by  the  ET,  it  was  felt  that 
study  should  be  made  of  the  more,  rather  than  less  significant 
duties.  It  was  generally  conceded  by  technicians  and  other 
observers,  that  whatever  else  a man  is,  if  he  is  not  a good 

wi’vU-iw  vv r i»v  in  iiv  v a wcOiuiiWA«ils  Uil  U JL£>  UU  t h'J  tidy 

that  the  effeotiveness  cr  the  technician  in  his  total  job  is 
not  modified  by  other  capabilities.  Trouble  sheeting  simply 


appeared  to  be  his  most  oritical  job.  in  order  to  have  soire 
check  on  the  relevance  of  this  hypothesis  a survey  was  conducted 


_ ■—  --  _ -4,^  £*4>  „ t'.i  IT. 1 1 _ x.  A X » • 1 « % • * 

uuiong  w:u  ouoi.4.  o u tuo  a ouauwi  o t,  uicci  u uas.vu  jji  wniun  t ;ne 
respondents  were  asked  to  indicate  their  concept  of  the  import- 
ance of  the  jobs  of  tne  technician  by  placing  practical  factor 
requirements  from  the  qualifications  manual  in  rank  order  of 
inportanoe.  As  may  be  seen  from  the  results  of  this  survey, 
reported  in  Table  the  hypothesis  that  trouble  shooting  is 
oritical  is  given  firm  support. 
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XU3EE  2 

Hanking  of  qualifications  for  Electronics  Technician  Third  Clous 
by  Znatrv.otor  and  Administrative  Personnel,  Class  A School  fer  ET, 
Great  lakes,  NT  58,  : aQuslifi cations  judged  to  be  closely  related 
to  trOU!)JL9«WiUU  klU(  --111 “ UVUI 

r»^-p Hr-CTIv-?  QS* t IPI'JA TI un a HftNK  S*IV 

Z.  *Ia  able  to  properly  use  test  equipsun  i>  All  olow»  5.96  1.52 

t tun is a service  werte 

2.  Observes  safety  precautions  in  installation,  oper-4.02  5.71 

at  ion  and  repair  of  slostrouio  equipment 

3.  *Csn  draw  and  interpret  schematic  diagrams  of  eleo4.04  £.51 
tronio  circuits*  read  and  .interpret  electronic 

wiring  Ad  oirouit  diagrams -found  in  manufacturers 
instruction  books 

4.  *Can  perform  preventive  maintenance  and  under  4.48  2.25 

ole  as  supervision  perform  oasualty  ans lysis  and  ‘ 

repairs  to  radio,  rader,  sonar  end  raOlao  equipsait 

5.  *Csn  manipulate,  (start,  stop,  calibrate  and  tune)4.98  3.15 

radio,  rada*  and  sonar  equipment 

6.  »Can  looate  and  identify  component  parts  by  ref-  5.26  2.01 

erenoe  to  associated  circuit  diegn.u.a  for  radio,. 

rader  and  sonar  equipment 

7.  Can  use  and  maintain  hand  tools  and  operate  small  7.14  1.64 

portable  power  tools  in  electronics  installation 

end  repair 

8.  Is  able  to  use  the  method  of  resuscitation  a man  7/70  3.84 

unconscious  from  electrical  shook  and  can  admin- 
ister treatment  for  electrical  bums 

9.  Is  able  to  looate  and  identify  individual  units  7.74  2 .41 

of  electric  sac  siecxronlu  remote  control  ;y$+*m« 
associated  with  radio,  radar,  and  sonar  equipment 

30.  Is  able  to  looate  and  identify  the  main,  emergenoy8.30  2.14 
and  oasualty  power  supply  systems  for  radio,  radar 
and  sonar  equipment 

11.  Is  eepabie  of  operating  emergency  ?r-d  portable  10.49  1,94 

power  supply  equipment,  ineluding  internal  oom- 

bustion  engines  (both  gas  and  diesel)  used  in 
connection  with  eleotronio  equipment 

12.  Is  able  to  locate  shorts  and  grounds,  and  effect  11-42  1.40 

emergency  repairs  on  pressurised  and  coaxial  type 
transmissi  wU  lines 

15,  Can  locate  leeks  and  make  emergency  repairs  on  12.04  1.60 

pressurized  transmission  lines  on  own  ship 
or  station 

li.  Can  send  and  resolve  International  Morse  Code  13.88  .60 

(Knowledge  of  alphabet) 


- 


Whereas  study  up  to  this  point  has  been  general,  emphasis 

•••'5  **wn  MM«  4 vnou  WW  ni,i  XUVQi;  W4VI1  VI  V X v vIUAO  O I IV  V V iil|C  * 

vehicle  equipment  for  a preliminary  exploration  of  the  nature 
and  range  of  trouble  shooting  behavior  wa*  built,  using  the 
eeheaatic  for  the  communications  type  superhetrodyne  receiver 

uuii«.  uy  1.110  oouuoum  in  vuo  uuer  we«&a  wi  vne  lifot  viva  as  oi 

the  Class  A £T  school.  2hs  subjects  used  for  observation  pur- 
poses were  college  students  in  eleotrioal  engineering  and  mem- 
bers of  a university. club  for  radio  amateurs,  who  volunteered 
their  time.  Ihe  "troubles’*  used  with  the' superhet  receiver  were 
ohcsen  by  a panel  made  up  of  the  projeot  staff  members,  plus  an 
experienced  chief  electronics  teohnioiBn  assigned  to  NRGIC  duty 
at  the  University  of  Illinois.  It  was  Intended  that  the  prob- 
lems be  common  or  typical  failures  whioh  would  result  in  no  out- 
put or  simple  distortion  of  output.  Some  examples  of  the  type 
problems  used  were:  •' 

(a)  open  coupling  capacitor  between  first  and  final  audio 
stages 

(b)  defective  mixer  tube 

(o)  open  cathode  resistor  in  the  power  output  stags 
Fourteen  men  were  observed  while  trouble  shooting,  and  their 

"v:  • 

behavior  was  recorded  as  it  occurred  cs  objectively  as  possible. 
By  the  time  ten  men  had  been  observed  on  the  superheterodyne 

equipment  it  seemed  evident  that  the  most  common  trouble  shoot- 

♦ . 1 

ing  behaviors  had  been  exhibited.  No  different  methods  of 


trouble  shooting  were  observed  in  the  next  four  men,  so  test- 
ing was  discontinued.  During  this  limited-  period-  of  observe- 

j f t * ' , * 

tion,  it  appeared  that  a small  percentage  of  the  subjects 
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exhibited  marked  symptoms  of  perseveranoe.  3hey  continued 
to  make  test a in  stages  of  the  equipment  which  could  logically 
have  been  eliminated  from  consideration  on  tho'  bs'aie  of  infor- 
mation previously  obtained*  It  appea red,  further,  that  the 
stage  in  whioh  they  tended  to  continue  to  make  uoneoeaaary 
tests  was  the  stags  about  which  they  knew  the  ! st. 


TVV  T i T-  _ 

*MW  *MUt  V V 
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Hie  tab  item  type  of  test  was  developed  by  Dr.  Dora  Damrin 
of  the  University  of  Illinois  as  a means  of  group  testing  of 
problem  solving  ability.  Its  three  basic  sections  arei 
(!)  Statement  of  problem 

(2)  Series  of  questions  about  the  problem,  with  answers 
covered  by  "tabs”  of i paper 

(3)  Series  of  possible  solutions  to  the  problem,  with 
"correot"  or  "incorreot"  covered  by  tabs  of  paper  after 


uavu  ;»04UliaU. 


The  subjeot  gets  answers  to  as  many  questions  as  he  feels 
he  needs  in  seotion  2 by  pulling  off  the  necessary  tabs,  -teen 
he  feels  he  has  the  solution,  he  oheoks  his  answer  by  pulling  a 
tab  in  seotion  3.  If  he  is  incorrect,  he  reinterprets  the  in-> 


formation  he  has  ga thered  in  seotion  2,  or  gathers  additional 
information  by  pulling  more  tabs.  Ihis  continues  until  the  time 
limit  expires,  or  he  gets  the  aorreot  answer.* 


♦For  a more  complete  dissuasion,  tee  Gfa re r,  .Djmrin, , J). , and 

Gardner,' F.  The  ftb  Item*  A TecTraiqtft  For  Ihe  ),ca sureme'nt' t>f 
Proficiency  In  'Diagnostic  i*rp>»lam  Solving  Tasks.  , Urbpns 
HllnoiifijnlJureeu  of  EBuc  Clonal  Ra'searcn,  College  of  Education, 
University  of  Illinois.  June,  1952. 
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Since  trial  of  the  "tab  item"  type  of  test  was  desired,  the 
Information  gathered  by  observing  men  trouble  shoot  the  superhet 
chassis  was  used  to  develop  two  experimental  item«  of  the  tab 
form.  (See  appendix  pg  A ) la  other  words  the  information 
made  available  to  the  testees  through  the  tab  item  was  that 
information  sought  by  men  actually  trouble  shooting  the  receiver^ 
regardless  as  to  whether  the  information  was  relevant  or  not. 

These  items  were  administered  to  37  staff  and  students  of  the 
Class  A ET  School,  Great  lakes,  on  an  individual  baeis.  On© 
minor  change  was  made  in  the  Damrin  format.  Instead  of  being 
out  and  assembled  individually,  the  tabs  were  diecut  by  meohine, 
one  p*ge  at  a time,  so  that  the  testa  could  be  assembled  more 
rapidly.  No  time  limit  was  imposed,  but  if  a man  was  stymied 
after  approximately  20  minutes  on  an  ite*^  he  «»*  giver,  assist* 
anoe  by  one  of  the  project  members.  Perseveration  we  a exhibited 
by  certain  subjects  ir.  almost  exactly  the  same  form  described 
in  the  preceding  section  of  this  report. 

Eaoh  man  who  took  the  tab  test  was  asked  to  report  his 
reactions  immediately  after  having  completed  the  tito  tent 
items.  It  is  certain  that  criticism  of  the  instrument  was  some- 
what biased  due  to  success  or  failure  of  the  man  attempting 
the  tab  item.  However  it  was  determined  that  face  validity 
was  extremely  high.'  The  overwhelming  response  was  that  the  tab 
item  would  be  an  excellent  device  for  training  men  or  giving 
mass  praotlce  in  logical  trouble  shooting  problems*  In  general 
the  conclusion  from  administering  the  trial  items  was  that  further 
study  of  the  tab  item  was  justified* 
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Study  of  radio  receiver  troubleshooting  was  discontinued 
at  this  point  because  radio  receivers  did  not  seem  to  offer  as 
. , wide  a range  of  problem  solving' Situations  a a did,  for  example, 
radar*  Radar  involves,  generally,  all  the  problems  of  radio  for 
the  teohnioian  and  in  addition  many  others*  For  this  reason  it 


. i . 


was  believed  possible  to  make  generalisations  from  radar  that 
oould  not  be  made  from  radio*  ' She  choice  of  a specific  radar 

• - *C-  V* 

equipment  was  somewhat  arbitrary,  einoo  the  equipment  to  be 

“•*  >il  S>1  • 7 

us6d  had  to  be  available  in  ssfiiuisntly  large  nuobsro  so  as 
release  equipments  for  testing  purposes*  The  SO** lb  met  this 

. •>  I , 


* 


demand  most  easily  and  so  became  the  testing  vehiole*  This 
particular  radar  was  also  the  primary  radar  training  vehiole 
in  the  Class  A school  and  it  Was  felt  that  the  students  had  a 
better  chance  of  having  command  of  the  theory  of  this  equipment 
than  of  the  other  equipments' Studied  briefly  during  the  ET 
course* 


Choioc  of  Experimental  Performance  Ttest  Items 

The  task  of  performance  test  item  writing  was  made  easier 
because  sf  the  help  given  by  instructors  in  radar  phase  at 
Great  lakes*  Many  valuable  suggestions  for  items  were  made  by 
tats  group.  Other  suggestions  for  items  which  at  first  glanoe 
appeared  to  be  satisfactory,  turned  out  to  be  impraotioal  when 
compared  with  the  oriteria  developed  for  screening  performance 
items*  The  following  oriteria  were  developed  for  chis  purpose. 

(1)  Trouble  should  be  - one'  that  ocours  in  practice 

* • »*i  • 

(a)  the  troubles  whioh  occur  moie  frequently  should 
. make  up  the  bulk  of  the  items. 


(b)  troubles  should  bover  a range. of  frequency  of 
ooouranoe 

(o)  an  infrequent  trouble  is  not  hereby  outlawed 

(2)  Trouble  should  be  one  that  can  be  introduced  into  the 
equipment  by  an  observer  in  less*1  than  15  minutes 

' (3)  Trouble  should  be  one  that  does  not  damage  a sizable 
portion  of  the  equipment. 

(4)  Each  of  the  various  sections  of  the  equipment  should 

be  represented;  i.e.  power  supplies,  video,  trigger,  eto. 

(5)  Trouble  should  not  introduce  unusual  safety  hazards 
«uoh  as  shorting  I>  plus  to  a sub-chassis 

(<>)  Troubles  should  range  in  difficulty  from  very  obvioue 
to  fairly  obscure 

, (7)  Li  general  there  should  be  groups  of  two  or  three 

items  which  have  similar  symptoms  with  different  causes. 

(8)  No  troubles  of  an  intermittent  type  should  be  included. 

(9)  duly  single  troubles  should  be  used— the  symptoms  cf 
a eiven  failure  should  be  the  result  of  ore  trouble . 

(10)  Visual  indications  of  a nature  net  encountered  in 
operation  should  be  tolerated. 

(An  additional  criterion  that  should  have  been  a part  of  the 

original  listing  was*  Trouble  must  produce  the  same  symptoms 

» • « - 

each  time  it  is  introduced  into  the  equipment.  This  did  not 
hold  true  for  one  of  the  problems  used,  V— 404.  but  this  wf-.s  not 
discovered  until  the  data  gathering  phase  had  begun.) 


In  all,  30  different  troubles  of  various  types  and  having 
various  chassis  locations  were  identified  for  possible  use  in 
testing.  These  items  appeared  to  meet  all  of  the  acove  criteria, 
> but  fizsal  evaluation  had  to  depend  upon  the  performance  of  the 
items  in  praotice. 
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r t this  point,  9 second  full-time  man  was  added  to  the 
project  staff,  since  it  was  foreseen  that  additional  teohnioal 

J » 

- #•  *-»  ' • ‘ t .i  ' siw 

assistance  would  be  needed  in  test  development  and  administration. 

Prod uo t ion  of  Defective  Parts 

Difficulty  was  encountered  when  the  production  of  defec- 
tive parts  was  attempted.  Since  it  is  known  that  a high  pro- 
portion of  all  failures  in  electronic  equipments  are  tube 
failures,  in  aooordanoe  with  criterion  :tlaM,  several  tube  failures 
were  to  be  used,  Common  practice  in  the  training  situation  is 
to  produce  an  inoperative  tube  by  cutting  off  the  appropriate 
pins  at  the  base,  This  prooeedure,  however,  according  to 
criterion  10  epuid  net  be  tolerated  since  it  short-circuits 

• • ' i':  y* 

the  whole  trouble  shooting  prooeedure  by  stimulating  the  testes 

\ • x v * : > 

to  look  for  tubes  with  pins  out  off  rather  than  to  use  or  prac- 
tice a logical  method  for  isolating  troubles.  Many. .different 
methods  were  attempted  in  an  effort  to  produce  defective  tubes, 
including:  heavy  current  overloads  on  the’  grid  or  plate 


(either  improved  tube  performance  or  produced  intermittents) : 
silver  oonductive  paint  between  pins  to  produce  shorts  (even 
when  the  silyer  was  oovered  with  black  paint  to  minimize  obvious 
appearances  of  tampering,  the  result  •scs  distinguishable }i 
laoquer  on  certain  pins  (wore  off  in  •»  short  time  snd  re-es- 
tablished electrical  contaot),  Ihe  only  completely  satis- 
factory method  involved  removing  the  p Is  s vie  tube  base  by 

, •'  *■ 

boiling  in  water  or  the  metal  tube  shield  by  banding,  and  then 
dipping  the  undesired  leads  close  to  the  glass  envelope. 
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Careful  reassembly  provided  tubes  which  simulated  defective 
tubes  with  the  desired  characteristics.  Other  components  such 
as  defective  fuses  (current  overload);  relays  (a  tiny,  almost 
invisible  piece  of  cellulose  tape  on  ens  of  the  contacts); 
crystal  (ourrent  overload);  ooils  (ourrent  overload);  end  re- 
sistors (re-painting  very  high  or  very  low  value  resistors, 
or  drilling  into  side  of  large  resistors)  were  quite  easy 
to  produce.  It  should  be  indicated  that  Eie  Radio  Corporation 
of  America  cooperated  in  the  attempt  to  produce  defective  tubes, 
but  the  results  were  not  entirely  successful.  Ibis  was  through 
no  fault  of  theirs,  however,  sinos  only  one  attempt  was  made 
to  provide  such  tube  ? snd  undoubted  ly  further  efforts  would 
have  been  nrH  n<* . One  H 1 soHmintn  ere-  ~n  a cOHiEf.nv 

auoh  as  RCA  provide  defective  tubes  is  that  they  are  hesLtent 
about  printing  their  name  on  the  tuhe,  A tube  without  the 
usual  markings  is;  after  all,  as  conspicuous  as  a tube  with 
pins  cut  off. 


r*T*  t n t t 

A itfWU  4.A 
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' ;l'  ,v  ' ^ 1 RESE/'RCH  DBSIGF  AND  COLLECTION  OF  DATA 
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Choi  bo  of  Parfonoar.ee  and  Tab  Items 


Tbfl  items-aiex^lse  looted-  for  use- in- pe-rfoHnanbe  testing, 
and  ten  tel*  items' wb  re  desired  for  use  as  the  tab  test.  Since 
the  tab  item  reveals-^  the  answer  to  the  testee  as  he  oompletes 
the  item,  some  of  the  tab  items  needed  to  be  different  from  the 
performance  items*  It  was  decided  to  select  five  items  whioh 
would  be  common  and  identical  for  the  tab  test  and  the  performance 


test.  In  addition,  five  items  would  be  selected  for  the  tab 
test  and  five  for  the  performance  test  that  would  involve 
similar  sections  of  the  equipment. 

Ihe  items . selected  wort  as  follows* 

« 

Hie  sample  item  was,  common  to  both  the  tab  test  and  the 
performance  test.  It  was  V-916-B,  a tube. 

HawtwAw  Dm  Vlflwo 

(used  on  both  tab  and  performance  tests) 

Problem  Difficulty  (on  performance  test) 


1.  V-909-3 

(tube) 

915? 

2.  F-S04 

(fuse) 

2152 

3.  V— SO 2 -50 

( tube ) 

77% 

4.  Y-301-50 

(crystal ) 

no 

W/B 

b.  T-SOS 

(transformer) 

42%, 

Five 

Unique  problems 

Tab  Test  Prob 

lem 

Performance  Itest  Problem 

1.  V-410 

(tube) 

K-404-A 

(relay)  40% 

difficulty 

2.  7-308-50 

(tube) 

Y-310 

(tube)  82$ 

difficulty 

3.  V-920-B 

(tube) 

V-406-A 

(tube)  95$ 

difficulty 

4.  V -401-A 

(tube) 

V-401-B 

(tube ) 60$ 

difficulty 

5;  Y-40S-A 

( tube ) 

V-404 

(tube)  65$ 

difficulty 

15- 


Ibbes  were  used  as  troubles  in  some  oases  beoause  of  ease 
of  insertion  of  the  trouble.  In  both  the  performance  test  and 
the  tab  test,  trouble  shooting  was  confined  to  looation  of  the 
faulty  '•stage**.  In  the  case  of  a tube,  the  '•stage**  involves 
the  tube  (or  seotion  of  the  tube,  if  there  is  more  than  one 
section)*  together  with  all  aasooiated  oapaoitors  and  resistors, 
inue  the  use  of  a faulty  tube  simulated  many  of  the  troubles 
associated  with  faulty  resistors  and  capacitors. 

through  the  use  of  an  item  data  sheet  as  is  illustrated 
in  the  appendix  pg.  E , information  a^out  eaoh  of  the  test 
items  wes  seoured  and  recorded,  using  students  at  Great  Lakes 
as  subjects.  This  information  aided  in  the  fins  1 selection 
of  item?  and  was  also  used  in  writing  the  tab  items. 

A copy  of  each  of  the  tab  items  is  included  in  the  appendix 
pg  E * *•»©  problem  of  estimating  difficulty  of  the  tab  items 
is  unusual  since  the  teatee  knows  when  he  has  solved  the  p rob-- 

lem,  and  within  the  time  limits  given,  the  testee  works,  almost 

» • 

without  exception,  until  he  has  the  answer.  Therefore,  tne 
ou8tomary  proceedure  of  specifying  difficulty  according  to  the 
percent  correct  is  inappropriate. 

bince  it  was  desirable  to  have  the  Bureau  of  Naval  Peisonnol 
arrange  wich  Treasure  Island  for  a definite  testing  schedule, 

• ,r 

a suggested  sohedule  was  submitted  to  Supers  for  approval  and 

- , T . r * • 

action.  A oopy  of  the  proposed  schedule  is  reproduced  in  the 
appendix  pg.  E • 
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Development  of  Reference  Tests 
In  addition  to  gathering  data  on  trouble  shooting  behavior 
through  performance  and  tab  tests,  it  was  considered  desireable 
to  obtain  additional  information  on  oertain  factors  judged  to 
be  important  in  trouble  shooting  aleotronios  equipment.  The 
factor?  in  Table  II  were  developed  through  discussion 

with  instructors  at  the  Class  MA"  ET  School,  Great  lakes, 
me  second  ooluam  of  Table  II  indicates  sorts  i *4  WV  S wS  j W hioh 
were  used  in  an  attempt  to  measure  the  faotors  in  the  first 


oolumn.  The  list  in  column  two  is  not  complete,  sinoe  the  pro- 
ject wa 8 not  renewed  for  a second  year  as  planned. 


TABLE  II 

Faotors  Judged  To  Be  Important  In  Trouble  Shooting  Electronic 

Equipment 


FACTORS 


MEASURES 


1,  Desire  to  be  a technician. . 


Z.  Common  sense 


Judgement  TBst 


3*  Neoessary  teohnioal  knowledge 


Knowledge  of  Electronics 
Tbst  I and  Test  II 


4.  Ability  to  test  hypotheses  none 

5.  Ability  to  generate  new  hypotheses  Baldwin  Inductive 

Reasoning  Test 


6 « Familiarity  with  equipment 


*=P*milia  rity  with  Equip- 
ment, Test  I and  Test  II 


f . Choice  cf  relevant  data  tiopa 

8.  Interpretation  cf  information  none. 

9»  Distraction  by  rare  or  unusual  details  none 
10.  Awareness  of  oompletion  of  problem  none 


Z,n.*,r,+T~'int*A  hv  Joseph  Kenta  end  Iyman  Smith  cf  the  projoot 
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Dove  lonmerit  of  the  reference  tests,  Knowledge  cf  Elec- 
tronics Pprt  I end  Part  II,  . and  Familiarity  with  Equipment 
(SG-lb),  Pert  I and  pert  II,  was  carried  out  according  to 
conventional  test  construction  proceedures. 

First,  an  attempt  was  made  to  define  what  the  tests  would 
be  expected  to  measure.  For  the  Test  of  Familiarity,  a measure 
was  desired  that  would  discriminate  between  those  who  would 
be  hampered  in  trouble  shooting  problems  by  not  knowing  the 
location  or  availability  of  controls  and  adjustments  on  the 
SG-lb  radar,  and  those  who  would  rot  be  hampered,  since  they 
would  be  in  posession  of  the  information.  It  was  felt  that 
this  variable  might  contaminate  performance  test  results. 

The  knowledge  of  Electronics  test  was  developed  as  a 
broad  euro  to  ostimstb  tub  tbolmiuian7 a competence  in  recog- 
nising oirouits,  understanding  circuit  characteristics,  knowledge 
end  applioation  of  laws  and  pi  inoiples,  and  computation  of 
oirouit  values.  It  was  felt  that  it  was  important  to  determine 
ths  part  played  by  knowledge,  since  knowledge  of  electronics 
was  regarded  as  a necessary  but  not  sufficient  requisite  to 
successful  trouble  shooting.  In  other  words,  a technician  might 
dc  a relatively  poor  job  of  repairing  radar,  if  thi  'ugh  lack 
of  familiarity  with  the  specific  equipment,  he  needed  excessive 
amounts  of  time  to  effeot  the  repair.  On  the  other  hand, 
if  the  technician  lacked  knowledge  of  electronics,  he  would 
be  able  to  solve  most  trouble  shooting  problems  only  by  chance. 

Second,  the  tests  were  administered  to  groups  of  electronics 
students  at  Great  Lakes  and  item  analysis  techniques  were  used 
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to  identify  « nd  revise  poor  items . As  attempt  tts s made  to 
develop  attractiveness  of  the  distrsctcr  choices.  Time  permitted 
two  suooessive  revisions  of  the  Familiarity  test  Part  I e«d 
only  one  revision  for  the  Knowledge  test  ftert  14  II  and  the 
Familiarity  Test  Part  II. 

A validation  of  the  Familiarity  test  Part  I was  attempted 
in  the  following  manner#  It  was  found  that  chance  response 
was  given  to  most  items  by  the  Special  Circuits  group  while  the 
Radar  group  was  able  to  choose  the  correct  answer  significantly 
more  often  than  would  be  expected  by  ohpnee.  On  the  other 
hand,  some  items  were  answered  as  well  by  the  Special  Circuits 
group  as  the  Radar  Group  and  these  items  were  discarded. 

Training  of  Performance  Test  Observers 

Part  of  the  Phase  Two  work  of  particular  aignifienneo  was 
the  training  period  given  to  tne  performance  test  observers. 

Each  of  the  observers  was  a first  olaaa  or  chief  electronics 
technician  with  considerable  experience  on  the  SG-lb  radar. 

Ihese  men  were  employed  as  instructors  in  the  Class  A school 
for  electronics  technicians  at  Treasure  Island.  Two  days 
ware  allotted  for  observer  training  before  the  beginning  of 
performance  testing.  It  was  necessa ry  fo^  four  of  the  six 
observers  to  reacqueint  themselves  with  the  SG-lb  radar-  Two 
of  the  observers  were  currently  instructing  in  the  SG-lb  radar 
portion  of  the  training  program.  In  order  to  facilitate  the 
problem  of  relearning  the  equipment  and  the  problem  of  learning 
the  test  problems t the  observers  were  brought  together  and 
introduced  to  the  observation  sheet  that  they  would  use  in 
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reoording  what  the  students  did.  While  one  of  the  projeot 
technicians  served  as  a guinea  pig,  the  observers  praoticed 
observing  and  recording  the  behavior  that  was  exhibited. 
Questions  that  arose  as  to  the  meaning  or  interpretation  of 
oertain  items  in  the  observation  sheet  were  answered.  As  soon 
as  the  general  interpretation  of  the  observation  blanks  was 
clear,  the  men  paired  off  observing  and  recording  each  other’s 
trouble  shooting  behavior,  host  of  the  second  day  was  spent  in 
observation  practice  and  trouble  shooting  with  the  objective 
kept  in  mind  that  eaoh  observer  should  be  familiar  with  the 
symptoms  to  be  expected  from  any  given  test  problem.  The  final 
activity  of  the  training  program  was  to  bring  the  observers 
together  aai  have  them  record  their  observations  of  a man 
trouble  shooting  for  purposes  of  making  an  inter-observer 
rciinujuiiy  e9Unni.«c  Inspection  ox  these  snows  that  there 

was  disagreement  among  the  observers,  for  example,  as  to  what 
wus  the  15th  step  nr  the  31st  step,  taken  by  the  trouble  shooter. 
On  the  other  hand,  eaoh  of  the  observers  made  exactly  the  same 
decisions  with  regard  to  the  following  questions: 

s.  Did  the  man  exi’eat  solution  ox  the  problem? 

b.  If  the  man  used  all  of  the  time  allotted,  w»s  he  working 
ia  the  stage  whioh  contained  the  defective  component? 

Os  What  length  of  time  (to  the  nearest  minute)  had  elapsed 
when  the  problem  was  solved? 

Thus,  inter-observer  reliabilities  on  these  three  variables 
was  1.00,  These  variables  were  used  in  various  combinations 
as  criterion  scores.  If  and  when  other  variables  are 
involved  in  oriterion  scoring,  further  estimates  of  inter- 
observer  reliability  would  need  to  b*  »*-de* 
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The  training  period  aiao  provided  the  time  neoessary  to 
oomplete  the  phyaioal  arrangements  necessary  for  perfonnanoe 
testing*  Oseillo scopes,  schematics,  and  instruction  books  were 
provided  at  each  equipment  and  sufficient  vacuum  tubs  voltmeters 
wens  made  available  so  that  when  the  students  asked  for  one  „ 

they  oould  have  it.  Soreens  were  put  into  place  between  equip- 
ments end  over  all  meters  and  cathode  ray  tubes  on  cash  equips 
ment*  Defeotive  parts  were  given  a final  chaok  in  the  equip- 
ments* Stocks  of  speirs  parts  which  it  was  anticipated  would 
be  octlled  for  by  the  students  were  laid  out  in  a desk  drawer 
for  the  oonvenienoe  of  the  observers. 

Final  Administration  of  Ibsts 

The  population  used  in  the  final  collection  of  data  was 
looated  at  Treasure  isiana,  San  Francisco,  Californio,  fuc  won 
were  selected  a Iphabetioally  from  Companies  5-53,  6-53,  and 
7-53.  This  provided  the  50  to  60  men  that  hsd  been  requested. 

Ihe  final  number  of  men  tested  was  57.  The  men  we  re  to  Id  ths  t 
on  apeoified  days  they  would  report  to  an  indicated  location  * 

for  soc*>  special  testing,  wo  advance  infomwfion  given  »» 

•* 

to  the  type  of  tests. 

As  is  shown  by  pg  E of  the  appendix,  the  men  were  handled 
in  groups  of  six.  Groups  we  re  \insd  tv-  at  s tire  for  two  con- 
seoutive  days  until  all  men  had  been  tested.  In  this  way  the 
testing  was  completed  in  10  working  days.  The  schedule  for 
testing  was  as  follows t 


Isolation  of  equipment  was  accomplished  by  placing  a screen 
between  each  of  the  equipments  and  then  by  separating  the  two 
rows  of  equipments  by  two  long  strips  of  brown  paper  that  extended 
from  3 feet  above  the  floor  to  about  seven  feet  above  the  floor. 
Because  of  these  screens,  operations  at  any  equipment  were 
completely  concealed  from  every  other  equipment. 

Additional  screens  were  plaoed  on  eaoh  equipment,  ooverinq 
up  eaoh  meter  and  eaoh  cathode  ray  tube.  These  screens  were 
removable,  and  wera  used  in  an  attempt  to  aid  the  observers  to 
get  an  accurate  record  of  the  behavior  of  each  subject. 

Without  the  screens,  subjects  often  nade  a rapid  visual  survey 
of  front  panel  indications  without  being  able  to  say  just  what 
they  had  looked  for,  or  what  they  had  noted.  Obviously,  under 
such  conditions,  an  observer’s  record  would  be  incomplete, 
lhese  screens  seemed  to  serve  their  purpose,  and  neither  the 
subjects  nor  the  observers  found  them  distracting. 

7/hen  a new  group  of  six  men  reported  for  their  first  per- 
formance items,  a properly  functioning  equipment  was  demonstrated 
to  them  and  any  questions  they  had  were  answered,  When  they  had 
no  more  questions,  eaoh  man  was  taken  to  a radar  equipment,  and 
joined  by  an  observer  who  observed  the  student  lVs nnup"  on  the 
sample  item.  Three  spare  equipments  were  disabled  with  test 
problems  and  as  the  men  oompleted  their  sample  items,  they  were 

shifted  to  the  spare  equipments.  Meanwhile  the  sample  problems 

, ' ) 

in  unused  equipments  were  exchanged  for  test  problems.  Having 
nine  equipjaenta  permitted  four  of  the  problems  to  be  inserted 
in  eaoh  of  two  equipment,  while  the  ninth  equipment  contained 
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the  fifth  problem.  Only  five  problems  were  used  in  any  one 
testing  period.  Ihe  Easiest  problem  was  put  in  only  one  equip- 
ment, r.a  generally  the  men  would  complete  the  easier  problems 
in  significantly  less  than  the  allotted  30  minutes. 

Ad  had  been  anticipated,  equipments  sometimes  developed 

other  symptome  than  those  desired.  This  was  due  to  failure  of 

» * ‘ : 

one  or  more  components  in  addition  to  the  test  problem.  When 

' t ' : 

this  occurred,  the  testee  was  moved  to  another  equipment  having 
the  same  test  problem.  Observers  were  oarefui  to  see  that  the 
symptoms  being  presented  to  the  ..s  tudent  or  tesvee  were  those 
that  he  should  be  getting.  Sometimes,  however,  the  observer 
did  not  become  aware  of  this  immediately,  which  tended  to  de- 
crease homogeniety  as  measured  by  Coefficient  Alpha  for  perfor- 

4 4-  «-**«**  a 

umuvu  a vvtuM  a 

Occasionally,  observers  reported  that  a man  had  completed 
a problem  with  not  warranted  by  his  other  behavior.  In 

such  oases,  they  believed  thrt  there  was  a possibility  that  the 
man  had  obtained  information  about  the  test  items  prior  to  being 
given  the  test,  Tn  order  to  check  on  this,  additional  items 
had  been  selected  which  were  felt  to  be  quite  difficult  and 
which  were  given  only  when  behavior  was  suspected.  Far  these 
items  there  could  be  almost  no  chance  of  compromise.  VJith  one 
exception,  the  suspicion  of  the  observers  appei  red  to  be  un- 
founded • 

Ihe  research  design  called  splitting  the  performance 
test  items  into  two  groups  of  five.  One  administration  of  the 
performance  test  was  composed  of  the  first  five  items  whilo  the 
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second  administration  was  made  up  of  the  second  five  items. 

The  individuel  items  were  given  in  random  order  • 1 th  the  exception 
of  problem  K-404-A.  This  v*r  to  ths  fact  thet  equipment 
modification  for  six  equipments  had  resulted  in  some  component.;? 
being  misidentified  on  the  chassis. 

The  tab  items  and  the  written  tests  were  administered  by 
the  same  person  for  all  groups.  This  person  also  accepted  the 
responsibility  for  assembling  each  manfs  test  data  and  for  making 
sure  that  all  of  the  data  that  were  desired  hod  been  gathered 

.T  • 

for  each  individual.  For  this  reason  the  problem  of  “missing 
test  det*”  «be  not  encountered. 
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PHASE  IIIi  AN A LYSIL  OF  THE  DAT^ 

Ir.tr;d'-~ tiorn  It  wrts  neueasary  to  rsoe  several  problems 
in  order  to  analyze  the  date  gs  the  red  in  Phase  II.  Ihese  pro- 
blems might  be  generally  stated  as; 

a.  assignment  of  scores  and  determination  of  reliability 
of  soore8  for  the; 

1 „ c rit « rl on- -pe rf o rae no e test 
2*  tab  test 
3«  reference  tests 

b.  determination  of  the  predictive  value  of  scores  on  the 
tab  and  referenoe  tests. 

Before  treatment  of  the  topios  listed  shove  is  attempted,  a 
baokground  dissuasion  of  reliability  will  be  provided  using  one 
method  of  scoring  the  oriterion  as  an  example.  It  is  hoped 
that  interpretation  of  the  a«olyais  will  be  facilitated,  lor 
the  reader.  Following  this  seotion,  discussion  of  other  methods 
of  soo ring  the  criterion  and  scoring  of  the  individual  cests 
will  be  undertaken.  • 

Reliability  and  the  Criterion; 

Criterion  sooring  was  approached  by  an  attempt  tc  define 
trouble  shooting^ logics llj  r 9 question  that  needed  unswe r,ing 

was,  'That  things  does  the  electronics  technician  need  to  do 
in  order  to  be  described  sa  an  eff  ctive  "trouble-shooter'*? 

2J\e  first  approximation  of  that  answer  it  that  the  technician 
must  be  capable  of  effecting  solution  of  the  diagnostic. problem . 
whether  or  not  he  can  effect  subsequent  repair  of  the  equiprent. 
Ihie  abatement  is  highly  unqualified  and  operates  at  the  level 
of  the  technician  receiving  "one"  or  "zero"  credit  for  each 
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prob 1cm.  This  scoring  method  way  be  labeled  "feo=n.o-gcn  scoring* 
For  the  discussion  of  reliability  and  the  criterion  we  will 
U8e  the  go-no -go  sooring  for  all  7nen  over  all  problems  as  an 
example . 

Si  order  to  make  any  interpretation  from  test  scores,  or 
if  it  ia  desirable  to  make  validity  estimates,  the  accuracy  of 
measurement  must;  be  specified • This  accuracy  of  measurement 
is  commonly  spoken  of  as  "The  Reliability,"  "ihe  Reliability” 
is  placed  in  quotes  to  emphasize  the  faot  that  the  term  "re- 
liability” is  used  to  metn  many  things : With  the  criterion 


used  in  this  particular  study  there  are  at  least  three  seperet* 
estimates  cf  error  that  it  might  be  helpful  to  have  in  order 
to  know  the  accuracy  of  the  scores  reported. 

First,  there  is  the  need  for  an  estimate  of  the  error 
involved  when  observers  attempt  to. record  the  behaviors  which 
they  watoh  the  students  exhibit.  This  estimate  is  made  by 
asking  several  observers  to  record  the  behavior  of  one  student 
and  then  compering  the  reoords  of  the  observers.  This  estimate 
might  be-  specified  as  the  inter-observer  reliability. 

The  second  estimste  that  might  be  considered  would  be  the 
error  iatroduo*c  >w  differences  in  interpreting  the 

test  record.  This  error  tPkes  on  particular  significance  when 
the  values  of  procedures  or  methods  of  attack  need  quantification. 
Due  to  the  particular  beliefs  of  one  judge,  his  scoring  will  often 
differ  from  the  score  determined  by  another  judge.  This  es-  . 
timate  might  be  known  as  inter-adorer  reliability.  It  should 


be  noted  that  vurianoe  due 'to  the  observer  and  the  scorer 
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aooumulate  not  as  s result  of  what  the  person  being,  tested 
does,  but  rather  ss  r result  of  acts  of  the  persons  administering 
and  scoring  the  test. 

Finally*  an  estimate  is  needed  to  indicate  the  total  amount 
of  error  variance  that  has  arisen  due  to  inconsistencies  in 
the  test  questions,  in  the  testing  situation,  and  in  the  behavior 
of  the  person  tested.  This  estimate  will  necessarily  include 
observer  and  scorer  errors.  This  aocuracy  may  be  estimated 
in  several  different  ways: 

1.  coefficient  of  equivalence,  which  indicates  precision 
of  measurement  cf  items  cf  a particular  typo  at  a par- 
ticular moment  (equivalent  forms  or  internal  consistency) 

2.  coefficient  of  stability,  which  is  e measure  of  the 
suability  c fa “perTicula r group  of  items  over  a period 
of  uime  (test-retest  method) 

3.  coefficient  cf  stability  and  equivalence,  which  is  a 
measure  cf  ooTTn  of  the  above  Xdelayed  parallel  test 
method) . 

It  is  unfortunate  that  sometimes  it  hes  not  been  the  practice 
in  reporting  performance  test  results  to  ccn-sider  any  estimate 
of  total  error  variance.  Rether,  if  appears  common  to  report 
one  type  of  estimate,  for  example,  inter-observer  reliability, 
and  then  let  this  pass  in  generpl  as  "The  Reliability”  of  ohe 
<jfc  - 

It  seems  in  order  to  comment  on  the  reliability  estimates 
obtained  using  the  "go-no-go”  scoring  method  suggested  above. 

An  estimate  or  the  inter-observer  reliability  indicates  that 
from  the  cheoks  made,  all  observers  recorded  the  same  information 
as  to  this  pass  fail  data.  The  only  oonolusicn  thPfem  be 
drawn  is  that  inability  of  the  Observer  tc  see  and  reoord 
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the  same  behaviors  provides  very  slight,  if  any,  contribution 
to  the  error  variance.  Seoond,  for  this  sooring  prooeedure, 
no  probler-i  of  judgement  arises  when  a scorer  looks  at  the  record 
in  order  to  answer  the  question  ’'did  the  man  effect  solution 
of  the  problem."  Tne  estimate  here,  es  with  the  one  above, 
would  be  that  in  making  this  .judgement  there  is  little  or  no 
contribution  of  error  variance  to  the  scores. 

Ine  estimate  of  the  total  error  variant®  tells  quite  e 
different  story,  however.  Here  it  is  desired  to  approximate 
the  amount  of  variance  that  is  common  from  one  test  item  to 
another,  or  it  might  be  looked  upon  as  an  estimate  of  how  scores 
on  this  test  and  those  obtained  from  another  test  oomposed  cf 
the  same  kinds  of  items  would  agree.  Because  of  the  nature  of 
the  performance  test  situation,  the  only  suitable  method  of 
obtaining  an  estimate  of  the  consistent  behavior  of  the  students 
was  eome  form  of  internal  consistency  reliability  (coefficient 
of  equivalence).  Ihe  choice  made  for  this  particular  application 
has  been  coefficient  alpha, "a  generrl  formula,  of  which  a special 
case  is  the  Fuder-Rioha rasen  coefficient  of  equivalence,  is 
shown  to  be  the  mean  of  al)  oplit-half  coefficients  resulting 
from  different  splittings  of  «'test".^  Alpha  for  the  go-no-go 
scoring  method  ’-as  found  to  be  .40.  Ihis  coefficient  appears 
to  be  low  whan  compared  with  those  wmch  are  often  seen  reported; 
however,  it  must  be  cautioned  that  cere  be  taken  so  that 
estimates  of  reliability  are  compered  with  their  own  kind. 

1*  Cronbaoh,  L.  J.  “Coefficient  Alphaand  the  Internal  Structure 
of  tests,"  Psyohometrika,  1951,  16,  297«-354. 
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It  i-  of  interest  to  look- at  the  sources  of  error  whioh 
are  accounted  for  in  thiB  coefficient, 

1*  this  eetimate  contains  all  of  the  observer  tnd  scorer 
inaocuraoies  (these  are  quite  small  in  this  oa«e) 

2,  this  estimate  treats  speuifio  item  variance  as  error 
vs  r ia  nee  - 

a,  thus,  when  items  measure  different  things,  the 
effect  is  to  produce  nonecnBistent  behavior*  and 
lower  alpha 

b,  the  learning  curve  for  this  population— students 
in  training-has  not  leveled  off.  Failure  on  one 
item  tends  to  suggest  to  the  student  that  he  try 
a different  attack  or  method  cf  solution-age  in 
this  produces  non-oonaistent  behavior,  and  .lowers 
alpha. 

3.  this  estimate  assumes  equal  item  difficulty.  Since 
item  difficulties  were  deliberately  chosen  to  be  unequal 
(to  maximise  validity),  alpha  is  lowered. 

Beoause  of  items  2 and  3 above,  the  coefficient  alpha  is 
almost  certainly  somewhat  lower  than  a reliability  coefficient 
obtained  through  « cn^na risen  of  parallel  halves.  However,  it 
is  more  realistic  to  estimate  the  lower  bounds  of  equivalence 
than  to  find  false  security  in  a higher  and  possibly  spurious 


estimate. 

The  general  property  of  reliability  is  that  the  size  of 
the  estimate  is  in  direct  proportion  to  the  length  of  the  test. 
Only  ten  items  have  been  given  h!ere,  while  we  are  accustomed 
to  seeing  ooeffioients  reported  which  hove  been  derived  from 
tests  of  fifty  items  or  mors*  By  use  of  the  Spearman -Brown 
formula  we  can  estimate  that  a test  of  fifty  items  would  result 
in  an  alpha  of  .77. 


Other  criterion  soorints  methods 


As  has  been  desoribed  above,  the  first  flooring  method  used 
with  the  oriterion  was  the  pass-fail  diohotomy.  Alpha  here 
represented  the  extent  to  whioh  technicians  tended  to  be  consistent 
in  their  success  or  failure.  Evidence  was  now  sought  of  addi- 
tional consistent  behavior.  Again  from  a logical  basis  it  was 
felt  that  among  technicians  who  did  solve  trouble  snooting 


problems,  those  who  required  less  amounts  of  time  were  to  be 
considered  more  effeotive  than  those  requiring  greater  time. 
Therefore  differential  credit  wes  assigned  each  man  solving 
a problem  according  to  the  amount  of  time  used.  In  order  to  do 
this,  a distribution  was  made  for  each  trouble  shooting  problem, 
using  the  number  of  minutes  of  time  required  as  the  variable. 

T? TTVrr.  't'Vl  A *5  me  -ra  1 -*r  nn-ic  1 i vrn  e A av»  e n*o  v*o  me  /A  ra  OA  +• 
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os  closely  as  possible,  (with- in  the  limits  of  whole  numbers) 

20 % of  the  successful  technicians  appeared  in  each  division. 

Any  technician  in  the  lower  group  was  thus  assigned  a score 
of  ore  j the  rext  higher  group  a score  of  two;  etc.,  so  that 
scores  on  any  item  would  range  from  1 to  5 for  those  who  solved 
the  problem.  Zero  credit  was  assigned  those  technicians  who 
failed  to  solve  the  problem. 

Alpha  was  oomputed  for  this  scoring  method  and  found  to  be 
•44.  Apparently  the  addition  of  a time  bonus  was  helpful  in 
increasing  the  consistency  of  the  scorable  trouble  shooting 
behavior.  The  ohange  from  .40  to  .44,  however,  oculd  well  have 
been  within  the  limits  of  ohanoe  due  to  peculiarities  of  sampling. 
Additional  checks  on  other  samples  would  be  required  to  see 


whether  the  observed  difference  is  real  or  chance.  The  logical 
defense  of  the'"time'bdhus  seems  suffioient,  however,  to  warrer.t 
its  inclusion. 

Weighting  for  time  was  arrived  st  in  a somewhat  arbitrary 
way.  However, .alpha  did  not  show  any  real  variation  for  the 
various  weightings  cried  and  it  was  concluded  that  in  general 
the  simplest  system  which  oould  be  logioally  defended  would  be 
the  one  to  use . 

Further  attempts  to  refine  the  criterion  sooring  were  made 
by  giving  some  credit  to  the  technician  who  did  not  oomplete 
a problem  in  the  time  allotted  but  was  working  in  the  correct 
or  "trouble"  stage  when  30  minutes  had  elapsed.  It  was  felt 
that  a real  difference  existed  between  the  person  who  spent  30 
minutes  trying  to  solve  a problem  without  success  and  the  tech- 
nician who  also  spent  30  minutes  but  was  on  the  verge  of  solution. 
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a,  zero  credit  for  failure  to  solve  the  problem  within  the 
time  limit  if  at  the  end  time  limit  the  trouble  had  not 
been  isolated  to  the  correct  stege. 


b.  one  point  credit  for  failure  to  complete  solution  or 
the  problem  within  the  30  minutes  time  limit  if  iso- 
lation of  the  faulty  s+r-ge  had  been  accomplished 

O:  variable  credit  fer  successful  solution  of  the  prooiem 
according  to  amount  of  elapsec  time.  A minimum  of  2 
points  and  a maximum  of  10  points  oould  be  accumulated. 

Alpha  for  the  final  sooring  was  also  .44  but  again  giving 
oredit  to  the  technician  for  locating  the  proper  stage  3eemed 
logioally  defensible.  In  the  section  dealing  with  prediction 
of  the  criterion,  this  is  the  method  of  scoring  used  in  the 


tho  determination  of  the  criterion  scores. 
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For  all  criterion  soorlng  prooeedures,  only  information 
wa s used  which  did  not  require  controversial  judgments  on  the 
part  of  the  scorer.  Thus  the  error  of  measurement  arising  out 
of  scorer  and  recorder  variations  were  held  to  a minimum,  making 
the  criterion  maximally  interpretable. 

Further  analysis  of  the  criterion  which  is  under  way  at 
this  writing  suggests  that  two  independent  scores,  eaah  of  which 
is  more  reliable  than  the  total  score,  are  obtainable-  These 
have  tentatively  been  described  as  "speed"  and  "aoouraoy". 
h complete  report  of  this  esneofc  of  the  criterion  will  be  made 
as  pert  of  the  continued  research  being  undertaken  by  the  junior 
author,  without  govei-nmental  finanoial  support. 


Secring  and  He  liability  of  the  Tab  Teat 


Scoring  of  the  tab  test  was  approoohed  iu  the  same  manner 
as  '.coring  the  performance  test.  It  seemed  logical  that  the 
following  factors  should  be  considered  in  sooring; 

a.  Dili  acuity  of  the  item 

b.  Time  required  to  complete  eaoh  tab  item 

o»  Identification  of  malfunctioning  unit  of  the  set. 

d.  Identification  of  malfunctioning  stage  of  the  sot., 

Three  additional  factors  were  considered,  but  discarded. 

e.  Number  of  tabs  pulled,  total. 

It  was  felt  that  use  of  this  factor  would  penalize  the 
oautious  technician,  and  reward  jumping  to  a conclusion 
on  the  basis  of  insuf f io ient  information. 


f.  Number  of  tabs  pulled  in  second  section  of  tab  test. 

This  factor  contributed  little  variance,  «nd  tended  to 
deorease  the  tab  test  alpha  wnen  it  was  included* 

g.  Deviation  frog?  procedures  preeoribed  by.  expert*. 

Ho  consensus  oould  be  reached  on  aesirenble  procedures* 


Values- of  alpha  from  #20  to  ,35  were  obtained,  using  five 

different  arbitrary  weightings  of  one  or  more  of  factors  a,  .b, 

*'■*..* 

o,  or  d above.  Time  did  not  permit  an  aoourate  determination 
of  the  optimum  -weights  for  these  factors  using  the  performance 
test  as  a. criterion.  Consequently,  the  weighting  used  ~as  the 
on 6 of  the  five  arbitrary  weightings  which  yielded  the  highest 
alpha.  This  combination  involved  the  use  of  three  levels  of 
time,  three  levels  of  difficulty,  and  right  or  wrong  on  identi- 
fier on  c f the  correct  unit  and  stage. 

During  the  development,  and  agaih  in  the  final  adm^nist ration 

*> 

of  the  tab  items,  it  was  very  noticeable  that  students  and 
instructors  generally  were  enthusiastic  about  this  type  of  teste 
A typical  s+i'dent  conment  was,  "Do  you  have  any  more  tab  tests 
I can  take?  This  will  really  help  me  in  trouble  shooting." 
Apparently  face  validity  was  high* 


t 
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Sooring  and  Reliability  of  the  Knowledge  of  Electron' cs  Test. 


Part  of  the  variance  in  trouble  shooting  ability  was  thought 
to  arise  because  of  knowledge  of  electronics  (cr  the  lack  of  it). 
This  knowledge  may  be  described  by  such  types  of  Information 
a si. ' knowing  the  theory  of  a given  circuit,  being  able  to 
recognize  and  identify  particular  circuits,  knowing  the  function 
of  components  within  typioal  circuits,  eto.  A'  test,  in  two 
parts,  was  developed  in  an  attempt  to  measure  questions  of  this 
kind.  Part  one  was  ooraposed  cf  fifty  multiple' choioe  items.  * 
Part  II  consisted  of  46  'true* fadse  items...  The  items  in 'Part  II 
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were  made  up  of  questions  covering  3 general  circuit  types,  15 
items  for  each.  The  oirouit  types  were*  power  supplies,  am- 
plifiers and  laoilletors*  The  test  was  given  a pre-test  trial 
and  many  items  were  eliminated  or  revised  on  the  basis  of  this 
information.  The  alpha  for  this  test  of  95  items  was  found  to 
be  o81  before  any  additional  item  analysis  was  attempted. 

Of  all  the  reference  tests,  knowledge  seems  to  account  for 
the  largest  portion  of  the  variance  in  the  criterion.  A Pear- 
sonian  of  .34  was  found  between  the  total  knowledge  test 
(95  items)  and  the  criterion.  (N»  57)  . 

Scoring  and  Reliability  of  the  Psailiarity  with  Equipment  Test 

Observation  of  students  attempting  to  do  trouble  shooting 
revealed  that  often  their  behavior  appeared  to  be  ineffective 
because  they  spent  large  amounts  of  time  looking  for  a oontrol 
switch  or  similar  part  of  the  equipment.  The  relative  effective- 
ness of g technician  is  pertly  determined  by  the  rate  at  which 
he  is  capable  of  diagnosing  and  repairing  equipment.  Since 
"control  hunting"  is  particularly  time  consuming,  a technician 
who  exhibits  this  behavior  may  appear  to  be  a poor  technician 
when  perhaps  only  a leek  of  familiarity  with  the  spaoifio 
experiment  has  prevented  him  from  doing  a top-notch  job.  This 
behavior  thought  to  explain  a part  of  the  variance  in 
trouble  shooting  behavior,  so  a test  oalled  "ftemilirrity  with 
Equipment  (SG-lb  Radar)  was  developed.  Part  I of  this  test 
was  oenoeraed  with  operating  characteristics  peouliar  to  the 
SG-lb  radar,  such  as  frequencies,  power,  number  of  stages  of 
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* particular  typo,  and  the  like#  Part  II  wss  made  up  of  two 
photographs  of  the  SG-lb,  on  which  technicians  were  asked  to 
identify  controls. 

Ihe  test  items  were  designed  to  be  capable  of  being  answered 
by  those  were  familiar  with  the  equipment  and  not  being  answered 
by  the  other  persons  on  the  basis  of  general  knowledge.  The 
items  were  given  a pre-test  run  by  administering  them  to  a group 
of  forty  students  who  had  studied  the  SG-lb  Radar.  A second 
group  of  forty  students  was  tested  one  week  prior  to  their 
study  of  xhe  SG-lb.  Finally  the  items  were  admistered  to  a 
smell  group  of  six  radar  instructor'-.  All  items  that  could  be 
answered  by. the  pre-Rader  group  significantly  more  often  than 
oould  be  expected  by  chance  were  discarded.  If  working  with  the 
equipment  did  not  enable  a technician  to  have  answers  to.  the 
items  on  a so-oalled  familiarity  test  the  items  were  evidently 
measuring  sometning  other  than  the  usual  type  of  familiarity. 

For  this  reason  items  that  the  Radar  instructors  did  not  find 
easy  were  discarded. 

Items  were  revised  in  an  attempt  to  eliminate  distractors 
that  did  not  operate,  and  item  difficulty  was  determined  from 
the  post— radar  group.  The  revised  test  was  administered  to  students 
who  had  completed  the  SG-lb  Radar  phase.  Minor  revisions 
were  made  on  the  basis  of  this  information. 

Ihe  estimates  of  Alpha  for  the  test  of  Familiarity  wer^ 
found  to  be  #24  for  Part  1 and  .56  for  Part  II. 


086  of  Other  Tests  and  Course  Grades 
Data  were  gathered  on  the  Cerda  11  practical  Judgement  Jest, 
on  the  Baldwin  Induo tive  Reasoning  Ibst,  and  on  oourse  grades  and 

Navy-administered  teste  listed  in  feble  3.  Tine  did  not  permit 

! 

u mere  complete  analysis  or  any  of  these  data. 
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TAB  IS  5 

' - I ♦ ■ ' : 

alpha  1 Oonsistsscjf)  and  Zhteroorrelstion  of  Tasts  end 

Navy  Course  Grades 


Ihteroorrelations 


Projeot-oonstruoted 

teste  j 

Performance  test-  .44 J 

Tab  test  .3 G .07 

IT-  -I .? 3 . x«  r«1** 

nuuw  ui  jjxwu-- 

tronios  Part  I .81  *24  »36 

Knowledge  of  Eloo- 

utviii.C‘5  i»rv  i,j.  uvv  » d vv  * 

Familiarity  with 

Equipment  P&rt  I »24  .12  *24  .41  ©35 

Familiarity  with 

Equipment  Fart  II  .55  «10  .21-eOS  *14 
Standardized  Tests 

Baduotive  Reasoning  *16  .10  .28  0QS 

Fr&otioal  Judgement 
Navy  Administered  TO  si 

General  Classifioat 


A rt  t rtm  a riA 


lieohanioa  1,  Sloe-- 
trioai 
Clerioai 
Reeding 
Physios 
Hath 

Navy  Eleotrouios 
Course  Grades 
Bieory,  Av,  Grade 
lab.  Aw*  Grade 
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An  analysis  of  the  data  seems  to  support  the  following 
conclusions* 


1*  Additional  use  of  performance  testing  in  Navy  schcolB 
for  electronics  technicians  is  feasible,  particularly 
if  sequential  sampling  is  employed*  The  special 
vsriation  of  sequential  analysis  suggested  in  a seper-* 
ately  published  report,  yielded  a saving  of  over  50 % 
in  time  and  expense,  with  very  little  sacrifice  of 

ftftnnrR.W  nvnr  fho  fSi  T 1 1 <ay»  fffVi  nayfnwanao  +iaef  . 

20  Performance  testing  of  trouble  shooting  ability  has 
high  face  validity,  and  is  recognized  by  Navy  students 
as  de’aireable  for  its  learning  value, 

3,  The  tab  test  of  trouble  shooting  ability  has  almost  as 
high  face  validity  as  performance  testing,  and  a for 
higher  face  validity  than  paper  and  pencil  tests.  While 
its  cost’Ts  high  compared  with  paper  end  pencil  test3, 
it  costs  far  less  to  administer  than  do  performance 
tests  on  eleotronice  equipment.  It  ia  the  only  test 
the  authors  have  ever  used  which  oauses  a large  number 
of  students  co  ask  to  take  additional  items. 


4.  „ IWj  A IflVnT'OTAnr  ora  o e anrwAlofa/1  »*.ef  w?  4-V> 

... j 5- —w  w - J **  “• 

criterion  (performance  tost  scores)  of  all  of  the  variables 
studied,  the  correlation  (.40)  was  somewhat  lower  than 

£Xu«ij  L.W13  * !Tn«  rBlnr.'lvftMf  1 rm  rn  pRivi  *»'*'  hv  ift’inrA  r.  t , dA 

A - * • — ' * */  — ' * ' %J  * ' L * ' 

and  .44,  respectively)  of  these  two  var^aMne  almost 
oerta inly  tended  to  be  a limiting  factor,  rf  sequential 
sampling  were  used  in  performance  testing,  this  should 
raise  test  reliability  considerably  if  the  same  amount 
of  testing  time  were  used. 


5. 


Inter-observer  and  inter-soorer  reliabilities  were  quite 
high,  on  both  the  tab  and  performance  tests.  This 
is  probably  dus  in  part  to  the  relatively  gross  deter-. 
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masking  of  meters  and  scopes  during  this  performance  test 
helped  to  eliminate  subjectivity,  and  thus  increase 
reliability,  but  this  is  not  proved. 


6*  Interval  consistency  reliability  (alpha)  for  both  the 
tab  and  performence  tests  was  adequate,  but  moderately 
low,  due  in  large  part  to  the  high  rate  of  learning 
involved,  and  to  the  small  number  of  test  items  used. 

7*  Data  were  oolleoted  on  a number  of  written  tests,  grades, 
and  previous  experience.  These  data  were  largely  left 
un-tma lysed,  due  to  a sudden  decision  of  the  Bureau  of 
Naval  Personnel  not  to  renew  the  contract,  after  prev- 
iously indicating  that  they  would  do  so.. 
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8,  Evidences  of  perseveration  were  found  during  each 

administration  of  tab  item  ana  .performance  tests.  Ihe 
effect  of  this  variable  on  trouble  shooting  ability 
has  not  been  sufficiently  a see seed* 


The  tab-tests  reproduced  oh  the  following  pages  differ  fromthe  tests 
actually  used  by  the  contractor  in  the  study  in  that  the  ^©rt-hand 
column  of  each  page  of  the  tests  was  covered  with  opaque  paper,  so 
perforated  that  the  subject  could  remove  a tab  opposite  each  it«n  on 
a page«  /"nett  a tab  had  bash  pulled  by  the  subject  only  the  informa- 
tion opposite  that  item  was  exposed.  The  information  opposite  the 
other  items  on  the  page  could  not  be  revealed  by  pulling  any  single 
tab.  Further,  each  page  of  the  original  tests  was  printed  on  opaque 
paper  so  that  the  information  printed  on  the  pages  and  covered  with 
the  tabs  could  not  be  seen  through  the  perforated  tab  paper. 

The  first  three  pages  of  each  test  providing  the  = front  panel  informa- 
tion" were  printed  on  gr*y  paper  in  wjii-fiot  to  the  last  or  “snswar" 
page  printed  on  blue  paper. 


APPENDIX  A 


TWO  EXIiJilfjiNTAL  ,?GRhS  OF-  . . 

THE  TAB  TEST 

This  test  was  based  on  a radio  receiver  constructed  by  Navy 
ETs.  Each  of  these  tab  items  is  four  pages  in  lengths  Each 
item  of  information  in  the  right  hand  column  of  each  page  was 
covered  by  individual  !!tabs::  of  paper^  which  the  testae  could 
remove-  • The  sequence  in  which  tabs  were  pulled  was  recorded* 

Each  person  tested  was  ^iven  a schematic  of  this  communi- 
cations -type  superheterodyne  receiver,  plus  a sheet  showing 
normal  pin  voltages  and  resistance  readings.  The  schematic  for 
this  set  was  taken  from  Section  V,  Part  B,  Sheet  115,  of 
Oscilloscope  Instruction  Sheets , published  by  the  Bureau  of 
Naval  Personnel,  1949a 
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SECTION  A 


TAB  ITEh  NO.  1 

SXMFTQM:  Very  distorted  output. 


I.  General  Checks 


Information  Reveled 


1*  Turn  up  volume  control. 


2.  Tune  across  bands 


3.  Feel  tubes  with  fingers,. 


Gain  Slight,  output  remains 
distorted. 

Output  remains  distorted  at 
all  frequencies. 

Operating  temperature  about 
normal. 


II.  Voltage  Checks 

* W " AVC  voltage*  I . . 

5.  Cathode  to  ground,  on  6F6. 

6.  B plus  voltage. 

7.  Plate  voltage  cn  6SQ7. 

8.  Screen  voltage,  on  6F6. 

?,  Grid  voltage  on  6f£- 

10.  Plate  voltage  of  6f6. 

Ill,  Resistance  Checks 

11.  Resistance  to  ground  on  6SQ7  grids 

12.  Resistance  of  coupling  condenser 
between  6SQ7  and  ef'6,  (Disconnect 
one  end.) 

13.  Resistance  to  ground  on  6F6  cathode. 

II.  Resistance  to  ground  on  6F6  grid. 

15.  Resistance  across  ouuput  Xformer- 
primary. 


Normal. 

60  volts. 

• .*  i 

230  ‘volts, 
88  volts. 
280  volts. 


Mrtvnwnl 


280  volts. 


125  K'-ohxns . 

Infinite  resistance. 


Infinite  resistancea 


1*70  K-ohmsi 
280  ohms. 


(Item  I)  SECTION  A (Page  2) 

IV*  Signal  Injection  Checks  Information  Revealed 


16.  Audio  to  6SQ7  grid  with  antenna 
grounded. 

Very  distorted  and  weak. 

17*  Audio  to  plate  side  of  coupling 
condenser  between  6f6  and  6SQ 7* 

No  Output. 

16.  Audio  to  grid  of  6F6  with  antenna 
gfounied. 

No  Output. 

\9:  Audio  to  Plate  of  6?6. 

Normal  Output. 

20.  1*56  K C Hod.  to  .grid  of  6SJC7 
Mixer. 

Very  distorted  and  weak. 

21.  1*56  KC  Mod.  to  grid  of  6SK7 
IF.  Asp. 

No  Output. 

22.  1*56  K C Mod.  to  Plate  of  6SK7 
Mixer. 

No  Output. 

23.  1*56  K C Mod.  to  plate  of  6SK7 
IF.  Amp* 

No  Output. 

V « Tube  Checks 

2ii.  6C5  Local  Osc. 

Normals 

oC  4ov*? 

% uvn  | a 1 » av 

nOnodXs 

26.  6SK?  IFAmps 

Normal. 

% 

2|*  6SQ7  Sect,  and  Audio  Amp. 

Normal, 

* 

28.  6P6  Power  Amp. 

Normal. 

A-3 
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: i SECTION  B 

x '•  COMPONENTS 

(Item  1) 

A*  Audio  Section 

29. 

Defective  speaker  cr  speaker  cable. 

No. 

30. 

Defective  6F6  tube. 

No. 

31. 

Defective  condenser  across  primary  of 
output  2£orsers 

No. 

. 

CM 

o"\ 

Defective  cathode  bypass  condenser  on 
6F6*  .. 

No. 

33. 

Defective  cathode  bias  resistor  on 

6*6.  . rU ..  - 

Yes 

Defective  grid  leak  resistor  on  6f6. 

No. 

35. 

Defective  grid  bypass  condenser  on  6F6. 

NO. 

36. 

Defective  Coupling  Condenser  between 
6F6  and  6SQ7  • 

No. 

37. 

Defective  6SQ7  tube. 

No. 

38. 

Defective  plate  load  resistor  on  6SQ7. 

No. 

39. 

Defective  grid  leak  resistor  on  6SQ7. 

No. 

B.  IF  Section 

Uo« 

Defective  6SK7  IF  Amp.  tube. 

No. 

Ul. 

Defective  Screen  bypass  Condenser  on 
IF  Amp* 

No. 

1*2. 

Defective  cathode  bias  resistor  on  IF 

No. 

} • 


i 

* 

* 

* 

i 

» 

■t 

i 

t 

t 

i 


i 


] 


1 


I 

« 

* 


V 


* 

» 

i 

i 
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SBCTIOK  B (Page  2) 


IF  Section  Continued* 


Defective  Cathode  bypass  condenser  on 
If  Amp, 

Defective  screen  dropping  resistor  on 
IF  Amp, 

C.  mixer  Osc.  Section 

Defective  6SK?  mixer  tube. 

Defective  screen  bypass  condenser  or 
miser. 


Defective  cathode  bmc  resistor  cn 


hixer. 


Defective  cathode  bypass  condenser  on 
Mixer. 

Defective  6 C5  Osc.  tube. 

Defective  Osc.  feed  coupling  condenser. 

iov 

Defective  Plate  dropping  resistor  to  6c5. 
Antenna  lead  broken  at  antenna  coil. 


D.  Power  Supply 

53.  Defective  SO  rectifier  tube. 
5U.  Defective  power  Xformer. 


n.r — P41*. 

ycu.  CWUi.TO  A AJ.  V OA 


condenser. 


56,  Defective  filter  choke, 


"V: 
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SECTION  A 


TAB  ITEM  NO.  2 


SYMPTOM:  Receiver  output  completely 

no  hum* 


dead,  no  hiss. 


I*  General  Check* 


Information  Revealed 


See  that  antenna  is  connected* 
Check  loud  speaker  connection* 
Turn  up  volume  control* 

Tune  across  band. 

Feel  of  tubes  with  fingers. 

II*  Voltage  Checks 
B plus  supply* 

Plate  voltage  on  6f6. 

Screen  voltage  on  6p6, 

Plate  voltage  on  6SQ7. 

Plate  voltage  on  6SK7  IF  Amo. 


Properly  connected* 
Properly  connected* 
No  Output* 

No .Output* 

Normal  temperature* 


2I4G  volts* 
2 hO  volts* 
2i|0  voltu. 
62  volts* 


2hO  volts - 


Voltage  at  pin  8 on  6P6, 
Voltage  at  pin  5 on  IF  amp* 
HI*  Resistance  Checks 


10  volts. 


3*5  volts* 


;>»  Cathode  to  ground  on  6F6. 

;*  uriu  to  ground  «•«*  oro. 

>.  Resistance  across  coupling  condenser 
between  65Q7  and  6K6r  (one  end  dis- 


« > 
- VWM  / 


Grid  to  ground  on  6SQ7* 

Across  output  Xformer  primary* 


330  Ohms* 
h?Q  K-chms. 


Infinite  Resistance. 


Megohm* 


Zero  resistance* 


A^-6 


, J*V 


i.  I 

» * 


_ iri 

j'-'t  " 1 


V < 

i » ’ 
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(Item  2) 
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SECTION  A (Page  2) 


Information  Revealed 


18. 

Screen  to  ground  on  IF  Amp. 

140  K-ohms 

19. 

Cathode  to  ground  on  IF  Amp. 

680  ohms. 

20. 

Across  secondary  of  output  Xformer 

Less  than  : 

21. 

Resistance  of  speaker  coil. 

3 ohms. 

17.  Tube  Checks 

• • ■ 

22, 

6f6* 

Normal. 

23. 

6SQ7. 

Normal. 

2U. 

6SK7  IF  Amp. 

Normal. 

25. 

6SK7  Mixer. 

Normal. 

26. 

6C5  Local  Osc. 

Normal. 

27. 

80  Rectifier. 

Normal. 

V.  Signal  Injection  Checks 

oo 

T-  j x ...  j.*  . .a  .i. . L 

J41JCW  auUAU  aw  ^awc  wa  w*;wi  ; > j 

IT* 

MU  WUV^UWf 

29. 

Inject  audio  at  grid  of  6F6. 

No  output. 

30. 

Inject  audio  at  plate  of  6SQ7* 

No  output. 

31. 

Inject  audio  at  grid  of  6SQ7. 

No  output. 

32. 

Inject  U56  hod.  RF  at  diode  plate  of 
6SQ7. 

No  output. 

33. 

Inject  456  Mod.  RF  at  plate  of  IF-  Amp.; . 

No  output. 

3U. 

Inject  u56  Hod.  nF  at  grid  of  IF.  Amp*  •_> 

lip  putpuu* 

35. 

Inject  ii56  Mod.  RF  at  plate  of  hdxer. 

• No,  output. 

ftlW'WIKMffl'e 
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SECTION  B 


{ Item  23 


COMPONENTS 


A.  Audio  Section 

36«  Defective  speaker  or  speaker  cable.  c-  , 

9 ••  '• 

37.  Defective  6f6  tube. 

36.  Defective  condenser  across  primary  of 
output  Xformer. 

39*  Defective  cathode  bypass  condenser  on  6f6» 
kO,  Defective  cathode  bias  resistor  on  6F6. 

Ill*  Defective  grid  leak  resistor  on  6P6. 

V 

i;2.  Defective  grid  bypass  condenser  on  6F&. 

43.  Defective  coupling  condenser  between 
6f6  and  6SQ7. 

Uii.  Defective  6SQ7  tube. 

U$»  Defective  plate  load  resistor  on  6oQ7. 

U6»  Defective  grid  leak  resistor  on  65^7. 


NO 

NO 

YES 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 


4: 


B.  IF  Sortion 

U7.  Defective  65K7  IF  Amp.  tube. 

U8,  Defective  Screen  bypass1  condenser  on  IF  Amp* 
U9*  Defective  cathode  bias  resistor  on  IF  Amp. 

50*  Defective  cathode  bypass  condenser  on  IF  Amp* 
51.  Defective  screen  dropping  resistor  on  IF  Amp, 


NO 

NO 

NO 

NO 


**!■/•* 

iSU 
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SECTION 

I T*. o N 

C.  Mixer-Osc.  Sec ties 

52.  Defective  6SK?  Mixer  tube#  MO 

53#  Defective  screen  bypass  condenser  NO 

on  mixer# 

5k*  Defective  cathode  bias  resistor  on  NO 

Mixer. 

55.  Defective  cathode  bypass  condenser  NO 

on  Mixer. 

56.  Defective  6C5  Osc.  tube.  NO 

5?.  Defective  Osc.  feed  coupling  condenser.  NO 

58.  Defective  plate  dropping  resistor  to  6c5.  NO 

59.  Antenna  lead  broken  at  antenna  coil#  NO 


D.  Power  Supply 

60.  Defective  80  rectifier  tube.  NO 

61.  Defective  power  transformer.  NO 

62.  Defective  filter  condenser.  N 

63.  Defective  filter  choke,  NO 


bk*  Shorted  bleeder  resistor* 


: AMffilX  B 


TAB  ITEK5  USED  IN'-  GATHERING 
DATA  AT  TREASURE  ISLAND  ;k. 

; j. 

This  test  was  based  on  the  SO-  • lb  radar.  Instructions  for 
test  administration,  the  sample  tab  item,  and  ten  tab  items  on 
which  scores  were  recorded  at  Treasure  Island  are 1 included  in 
this  section  of  the  appendix.  Each  item  is  four  pages  in 
length.  Each  item  of  information  in  the  right  hand  column  of 
each  page  was  covered  by  individual  tabs  of  paper,  which  the 
testee  could  remove.  . These  tabs  were  die-cut  by  machine,  and 
pasted  over  the  items,  one  page  at  a time.  A sample  of  the 
die-cut  tabs  is  included  in  this  section  of  the  appendix. 

The  code  for  item  numbers  is  as  follows? 


Code 

Item  Number 

5908? 

Sample 

66190 

1 

68299 

2 

69378 

3 

6o497 

k 

67576 

5 

69675 

6 

6778U  -ii 

7 

69873 

. 8 

67972 

o;  9 

69691 

10 

The  procedures  used  in  administering  this  test  are 
described  in  the  main  body  of  the  report. 


INSTRUCTIONS  FOR  TAB  TEST  ADMINISTRATOR 


1.  Before  distributing  test  supplies  to  the  examinees*  in- 
struct -them  that  upon  receiving  their  supplies  they  are  not  to 
open  any  of  the  envelopes* 

2.  Distribute  to  each  man: 

(a)  1 pkt.  of  tab  tests  (U  envelopes) 

(b)  1 SG-lb  Study  Guide 

(c)  pencil  (if  be  does  not  have  one) 

3.  T4hen  all  have  received  their  supplies*  READ  "Take  your 
instruction  sheets  and  follow  me  while  I read  the  general  in- 
structions aloud."  (Instructor  reads  the  six-item  instruction 
sheet  to  the  students.) 

h.  Examiner  READ  the  foil  coring  additional  Instructions  to 
the  students. 

"This  is  a test  of  your  ability  to  trouble-shoot  a SG-lb  radar 
equipment.  The  test  requires  that  you  locate  the  chassis  that 
contains  the  defective  part.  Since  the  test  ie  quite  alxferent 
from  any  that  you  have  taken  before-  you  will  need  to  listen  very 
carefully  to  all  directions, 

"nos  taka  cut  ths  sample  problem  T..,hi'*h  i?  in  at  the 

top  of  your  pile-  Do  not  do  anything  yet  but  follow  me  carefully 
as  I explain  ths  contents  of  these  pages-  The  form  of  this  prob- 
lem is  exactly  liks  thsfc  cf  =11  of  ths  other?  in  this  test. 

"At  the  top  of  the  first  page  next  to  the  word  SYMPTOM,  (examiner 
points)  you  will  find  a brief  description  of  a trouble  that  has 
occurred  in  an  SG-lb  radar  equipment.  The  rest  of  pages  one,  two 
and  three  contain  a series  cf  check  procedures  which  ycu  may  use 
to  locate  the  cause  of  the  trouble.  To  the  right  of  each  check 
is  a white  paper-  tab.  Under  the  tab  appears  the  result  of  per- 
forming the  check.  The  results  axe  what  you  would  obtain  if  you 
actually  performed  the  check  in  a SG-lb  which  had  the  described 
trouble • 

Hfcu  will  notice  that  there  are  two  sections  io  each  problem, 
lira  first  wCuicn  consist  s of  three  pages  and  is  printed  on  gray 
paper.  The  second  section  consists  of  one  page  and  is  printed  on 
blue  paper.  Pages  1 and  2 give  information  wiich  is  available 
from  the  three  scopes  on  the  SG-lb.  Page  3 provides  meter  infor- 
mation* echo  box  information*  ana  finally,  miscellaneous  infor- 
mation. In  general*  the  first  three  pages  provide  what  would  be 
called  ’Front  Panel  Information. * 


"Sobpe  information  for:  both  positions  ol  the  signs ls/narkers 
rsritoh  end  both  the.  15  and  To.  unousand  yard  ranges  are  . avail- 
sUfc.; ' Read  "the  heading-  carefully  to,  make  sure,  that  you  are 
actually  going  to  get  the  information  you  desire  by  pulling 
any  ef  the  tabs.  For  example*  if  you  wanted  to  see  the  moni- 
tor soope  in  the  receive  position*  and  the  15,000  yard  range, 
you  would  pull  T!ab  #3„  If  you  wished  .to  .see  the  range  soope 
in  signals  position  with  "5*000  yard  rang©,  you  would  pull 
3hb  #0.  Pulling  fab  $15  would  show  the  PPI  Soope  with  markers 
in  the  75*000  yard  range,  aotioo  that  a. ..remote  PPI  presenta- 
tion is  available  but  only  in  signals  position  and  using  the 
15,000  yard  range u 

'"When  you  have  gathered  sufficient  information  to  solve  the 
problem*  (by  pulling  the  appropriate  tabs)  you  may  oheok  your- 
self by -pulling  the  tab  opposite  the  chassis  whioh  you  think 
contains  the  defective  pert.  The  answer  under  the  tabs  on  the 
BLUE  sheet*  whioh  is  Part  II,  will  contain  either  a ’yes*  or  a 
’no.'  If  you  find  a: 'yes’  under  the  tab  pulled  in  Section  II* 
your  diagnosis  has  been  cor root  and  the  problem  has  been  solved. 
If  you  find  a ’no'  under  the  tab  pulled  in  the  seoonri  section 
(Blue),  your  diagnosis  has  been  wrong  and  you  should  go  back  to 
the  first  section > and  collect  more  information  by  pulling  addi- 
tional oheok  tabs  and/or  reinterpreting  the  information  already 
gathered.  Keep  working  until  you  find  the  *yee'  tab  in  the  Blue 
section. 

"In  order -to  score  this  test  it  is  necessary  to  know  the  order 
in  whioh  you  pull  the  tabs.  You  are  to  record  this  sequanoe  or 
order  by  numbering  the  white  part  of  the  sheet  to  the  left  of 
the  tab  before  you  pull  it  off.  Please  bo  very  careful  to  num- 
ber the  sequence  properly  as  it  is  very  important. 

**As  soon  as  you  have  solved  a problem  by  finding  a 'yes'  in  the 
blue  seotion*  you  should  write  in  the  space  provided  cn  the  blue 
snoot  the  stage  within  the  chassis  that  you  believe  is  causing 
the  trouble..  When  you  nave  done  this,  the  problem  ie  completed 
and  you  should  hold  up  your  hand  to  indicate  to  the  examiner 
that  you  are  finished.  The  examiner  will  write  the  time  you 
finish  on  the  Blue  sheet  next  to  your  name.  Then  put  your  four 
sheets  baok  into  the  brown  envelope  and  wait  until  it  is  time 
for  the  next  problem, 

"Now  let  us  solve  the  sample  problem  together.  The  symptom  in- 
dicates that  there  is  no  video  on  the  PPI  Scope.  With  only  this 
information  we  cannot  isolate  the  trouble  to  any  one  of  the 
ohassis.  Therefore  we  must  gather  additional  information.  Let's 
pull  Tfcb  $9.  Before  you  pull  the  tab,  write  the  number  1 to  the 


B-3 


left  of  the  t=b  to  indicate  to  the  soorar  that  this  was  the 
first  tab  that  was  pulled.  The  information  under  this  tab 
■hows  ub  that  on  the  Range  Socp»  with  the  signal s/marker 5 
switch  in  the  signals  position  we  have  sweep,  range  step, 
but  no  video. 

ni>  person  might  jump  to  the  oonolusion  here  that  the  receiver 
is  defective.  The  reoeiver  (300  ohaseis)  is  number  32  on  the 
Blue  sheet.  Pull  this  tab.  Before  you  pull  this  tab,  however, 
write  EUnL-er  2 to  tho  left  of  the  tsb  to  indicats  that  this 
was  the  second  tab  pulled.  Observe  that  there  is  e 'NO*  under 
this  tab,  indicating  that  this  unit  is  not  defective.  In  pull- 
ing this  tab,  we  have  jumped  to  a oonolusion  too  rapidly  and 
without  aufrioient  information  at  hand.  We  pulled  a ’NO'  tab 
when  this  would  have  been  unnecessary  if  more  information  had 
been  gathered  before  pulling  the  unit  tab.  We  must  go  back 
now  to  see  how  the  problem  should  have  been  solved. 


"Remember  that  we  know  that  there  is  no  video  on  the  Range 
Scope  or  the  FFI  So  ope  but  sweep  and  range  step  appear  on  the 
range  scope.  A good  oheok  to  sake  here  would  be  to  look  at 
the  Monitor  Scope  in  the  receive  position,  let's  pull  Tab  #4. 
Before  you  puli  the  tab  » rite  the  number  3 to  the  Is  ft  of  ths 
tab  to  indicate  that  this  is  the  third  tab  to  bo  pulled.  How 
look  at  the  results  of  this  oheek.  Wo  see  that  sweep,  grass 
and  video  are  present  — In  othsr  words  we  have  a normal  soopo 
presentation.  With  this  information,  we  know  that  the  trana- 

ths  awfmnvxi  ^ H^dulstiC!!  onH  fKm  JjggWftJ* 

all  must  be  in  operation  as  well  as  the  power  supplies  that 
feed  them.  A stage  in  the  video  channel  would  now  be  suspected 

SJwS  wninn  iw  ft nmrmn  to  only  tr*.«  rang**  Roope  « no  tnn  Ppi  . 


Scope.  Hie  block  diagram  shows  us  that  V-916-B  is  the  only 
stage  that  fits  this  description.  3inoe  this  stage  is  indicated 
by  a 900  ohaasis  number,  it  is  a part  of  the  Range  and  Train 
Indioatcr.  Pull  the  tab  opposite  number  36  on  the  Blue  sheet. 
Before  you  pull  the  tab  write  the  number  4 to  the  left  of  the 
tab  to  indioate  that  this  is  the  fourth  tab  that  wt.s  pulled. 
Under  this  tab  we  find  a 'YES'.  Yhb  problem;  therefore,  has 
been,  solved.  Sinoe  we  feel  sure  that  V-916-B  is  the  f«  ul  ty 
stage,  we  write  V-916-S  in  ths  proper  space  (Examiner  points),* 


•V—  - - — - ■ - — — i — — .M...  w 4*1  1 * kr*  in  4 m A I*  tV»a  4-  ifAll  ke 

XUU  iivw  AB49V  JTWUA  4SWMU  W vuv  w amwia^v  • ^ w »*  •—  - — 

*•  M v _ J 3 1 -i  1 -I  — a..  A X.U  - A.  i --  - W ~ A-  4-Ur- 

1 ;kniSn9U  nuu  UC  WAU  HU  to  MUWU  UUO  VJdUO  UOOi  jrvu*  unwo  n v 0*10 


bottom  of  the  blue  sheet. 


"Your  job  in  this  test  is  to  find  the  'YES'  tab  in  the  unit 
(Blue)  seotion  by  pulling  as  many  information  tabs  as  you  need 
and  40  few  unit  tabs  as  possible.  Ihe  most  desirable  solution 
of  each  problem  would  be  to  pull  but  one  unit  tab,,  and  then 
find  e 'YES'  under  it.  Remember  that  it  is  essential  that  you 
write  down  the  aequenoe  number  before  you  pull  the  tab. 


"What  are  your  questions?" 


GENERAL  INSTRUCTIONS  FOR  PERSONS  TAXING  THE  TAB  I KM  5JSST 


(One  Copy  for  Eaoh  Man) 


!•  Only  one  trouble  is  usod  for  ecoh  problem* 

2.  You  m»y  h*v«  the  use  cf  the  stuc'y  guide  in  any  way  that  you 
please.  Most  likely  the  block  diagram  near-  front  (pp  1-5 
and  1-4)  will  be  of  most  help* 

3.  If  there  is  a question  sb  to  whioh  chassis  any  given  compon- 
ent is  in,  refer  to  the  number  of  the  component.  For  example.,  a 
part  with  a 300  number  is  part  of  the  receiver  chassis. 

4^  You  are  to  assume  that  the  equipment  was  operating  properly 
and  then  suddenly  went  off  the  air. 

6.  For  all  problems  the  adjustments  srs  set  for  normal  opera- 
tion. 

6.  For  all  problems,  the  range  step  switch  is  on  unless  other 
wise  indicated* 
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. •*  • « • ' **»^>^*  f*»  — 

oxmriuin;  «o  Video  on  iae  rrj. 


SCOPE  INFORMATION 


..  do  nit  or  scope  f S*.  o;«aj  "/ssaricftrs  sw*  tch 


in  the  SIGNALS  position) 


I ~ Trigger  - - - - - 
(Uding  fast  sweep) 


2*  Modulation  pulse 
(Using  fast  sweep) 


3,- Receive"  position 
(15,000  yard  range) 


4.  Receive  position-  - 

non  ■O  V4  T»^  V* O nrro  \ 

\ • ^ J W J »-%*.  V-  J *JSV  l 


B.  Monitor  Scope  (Signals  /Markers  switch 
in  the  MARKERS  position) 

5.  Receive  position  ------- 

(15,000  yard  range) 


***V 

6.  Receive  position  - 
(75,000  yard  range) 


C . Remote  PPI-  Scope 


7.  Signals  ^ 

(15,000  yard  range) 


59087 
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<3»  ■ 


*T 


?as»  2 


OPE  INFORMATION  CONT. 


D.  RANGE  SCOPE 


S.  Signals  position  - - 
(15,000  yard  range) 


/ft- 

V 

\ 

V 


s f 


;• 


9.  Signals  position  - ■ 
(75,000  yard  range) 


10,  Markers  position  - - 
( 15 , 000  yard  range ) 


11.  Markers  position  - * 
(75,000  yard  range) 


F.  PPI  SCOPE 


12.  Signals  position  - ■ 
(15,000  yard  range) 


13.  Signals  position  - 
(75,000  yard  range) 


14.  Markers  position  - 
( 15 , 000  yard  range ) 


15. 

59087 


Markers,  position  - - 
(75,000  yard  range) 


B-7 
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l>'Li 


TTkTnAl^f  * a\t 

liu’vanuuiur' 


Meter  102 

16*  Di'iver  Current  ---------- 

Meter  103 

17*  Magnetron  Current  Drain  — - - - 


18.  Total  Current  Drain  ------ 

Meter  301 

19.  Oscillations  Indicator  — — — — — 
Meter  901 

20.  Line  Voltage  ---------- 

Me  tar*  QOg 

21*  Magnetron  Cxirrent  ------- 

22.  Tuning  Indicator  -------- 

23 • RP  Monitor  ----------- 

ECHO  BOX  INFORMATION 

24.  Ring  Time  ----------- 


25.  Relative  Power  Out  ------- 

26.  Frequency  Spectrum  ------- 

* • i. 

27.  Output  Frequency  ------ 

MISCELIANEOUS  INFORMATION 


28.  Voltage  at  Metering  Jack  303  - - 

29.  Expanded  Sweep  on  “A”  Scope  - - 

30.  Antenna  Rotation  -------- 


B-8 


aero 
24  mg' 

35  ma 

. .L  > . 

29  scale  divisions 
112  < • 

24  ma 
6 ma 

unable  co  determine 
a a 

A VAU 

normal 
5025  me 

minxis  .3  v. 

unable  to  determine 

normal 


59087 


Pass  4 


MAJOR  UNITS 


B1  31.  Transmitter 


VilMMI .<4W  / 


33.  Receiver  --------- 

( 300  chassis) 

33*  Modulation  Generator  - - - - - 
(400  chassis) 

34.  Receiver  Power  Supply  - - - - - 
(500  chassis ) 

35.  Modulation  Gen  Power  Supply  - - 
(600  chassis) 

36.  Antenna  System  -------- 

(700  chassis) 


37*  Control  Amplifier 
(S00  chassis) 


38.  Range  and  Train  Indicator  - - - 
(900  chassis ) 


39.  PPI  Adaptor  - 
(1000  chassis) 


59087 

Now  you  have  found  in  which  Major 
Unit  the  ’’trouble'1  lies.  In  the  space 
bc'.roW,  tell  what  stage  within  this  Major 
Unit  you  believe  is  causing  the  ” trouble, 
An  example  of  an  answer  as  it  might  be 
given  would  be: 

V-404,  Cathode  Follower 


NAME 


PROBLEM  NUMBER 


Page  1 


SYMPTOMS  No  Markers  on  the  PPI  Scope 


SCOPE  INFORMATION 


A*  Monitor  Scope  (Signals /Marker » Sw'iocJ*. 
in  the  SIGNALS.  Position) 


1«  Trigger  - =--  = - ^ ■ 
(Using  fa3t  sweep) 


2*  Modulation  pulse 
(Using  fast  sweep) 


nr  n 

VL/  / 


3.  Receive  position  - 
( 15 , 000  yard  range ) 


4,  Receive  position 


/r<*r-  A/^/>  J __  _ \ 

* f o A \J\JKJ  Y • ’ «_!  t » IK/  r-s  t 

X W 9 w w — ^ - tJ  ’ » 


B*  Monitor  Scope  (Signals/Markers  svi  tch 
in  the  MARKERS  position) 

5.  Receive  position  -------- 

(15,000  yard  range) 


6*  Receive  position 
(75,000  yard  range) 


C.  Remote  PPI  Scope 


68190. 


7.  Signals 

(15,000  yard  range) 


B~10 


Porna 


METER  INFORMATION 


Meter  102 

16*  Driver  Current  --------- 

Meter  103 

i7,  Magnetron  Current  Drain  - - - - 


zero 


24  ma 


18*  Total  Current  Drain  - 
Meter  301 

19.  Oscillations  Indicator 
Hater  901 


2u.  Line  Voxtage  - - • 
Meter  902 

21.  Magnetron  Current 


35  ma 


28  saale  divisions 


2 4 ma 


22  * Tuning  Indicator 


4 ma 


23  RF  Monitor 


normal 


ECHO  BOX  INFORMATION 


24.  Ring  rime 


oxyg  yaras 


20.  Relative  rower 


26,  Frequency  Spectrum 


normal 


27.  Oupput  Frequency 


3<325  me 


MISCELLANEOUS  INFORMATION 


28.  Voltage  at  Meterjng  Jack  303  - - 


minus  .8  v 


29.  Expanded  Sweep  on  "A"  Scope 


normal 


30.  Antenna  Rotation 


normax 


68190 


«»<  v 
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MAJOR  UNITS 


31.  Transmitter  ----------  no 

(100  chassis) 

32  c Receiver  - --  --  --  --  --  no 

(300  chassis) 

33.  Modulation  Generator  -----  yes 

(400  chassis) 

34.  Receiver  Power  S apply  -----  no 

(500  chassis) 

35.  Modulation  Gen  Power  Supply  - - no 

(600  chassis  ) 

36.  Antenna  System  --------  no 

(700  eh a a a is  } 

37.  Control  Amplifier  -------  no 

(800  chassis) 

33.  Range  and  Train  Indicator  - - - no 

(900  chassis) 

39.  PPI  Adaptor  ----------  no 

(1000  chassis) 


twiyu 

Now  you  have  found  in  which  Ma j or 
Unit  the  M trouble”  lies.  In  the- space 
below,  tell  what  stage  within  this  Major 
Unit  you  believe  is  causing  the  M trouble” • 
An  example  of  an  answer  as  It  might  be 
given  would  bej 

V-404,  Cathode  Follower 


B-13 


ME 


PROBLEM  NUMBER 


68229 


C * m v /"WT  « 

iioUm  inr  -lamt. -lv/.u  wi <■*. 
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D.  RANGE  SCOPS 

S.  Signals  position  - 
(15,000  yard  range) 


9.  Signals  position  =»  - - - 
(75,000  yard  range) 


10.  Markers  position  - 
( 15 , 000  yard  range ) 


11.  Markers  position  ~ 
(75,000  yard  range) 


£=  PPT  SCOPE 


12,  Signals  position  - 
(15,000  yard  range) 


13.  Signals  position  - 
(75j000  yard  range) 


14.  Markers  position  - 
(15,000  yard  range) 


.15.  Markers  position  « - 
(75,000  yard  range) 


B-15 


15  markers 
shewing  - also 
range  ring 


67299 


Page  3 

coa-xan  x ItF  OR  MAT  X ON 

Meter  102 

16*  Driver  Current  --------- 

Juior  nTi  103 

17.  Magnetron  Current  Drain  - - - - 

18.  Total  Current  Drain  ------ 

Meter  301 

19.  Os c illations  Indicator  - - - - 
Meter  901 

20-  Line  Voltage  - --  --  --  --  -- 
Meter  902 

21.  Magnetron  Current  ------- 

22.  Tuning  Indicator  -------- 

23.  RP  Monitor  - --  --  --  --  -- 
ECHO  BOX  INFORMATION 

24.  Ring  Time - - - 


oc  Tn  ^ 1 


DAWaV» 


26.  Frequency  Spectrum  - - - - 

27 . Output  Frequency  — — — = -»  — 
MISCELLANEOUS  INFORMATION 

28.  Voltage  at  Metering  Jack  303 

29.  Expanded  Sweep  on  MA"  Scope 

30.  Antenna  Rotation  ------ 


68299 
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zero 
24  ma 
35  ma 

28  scale  divisions 
117  v 
24  ma 
6 ma 
normal 

unable  to  determine 
47  ua 
normal 
3000  me 

zero 

normal 

normal 


* -X 


MAJOR  UKixi 


31 « Tvtni.s»iul  i i-si- 


(100  chassis) 

32*  Receiver  --------- 

(300  chassis) 

33,  fuC  delation  Generator  - - - 
(400  chassis ) 

34.  Receiver  Power  Supply  - - - 
(500  chassis) 

C Ifn  Ji.l  4 Aawi  T5  aiuo*i  Qiinnln 

%J\J  m Mvutu-au4>vii  vjr  a v«  w/4 

(600  chassis) 

36.  Antenna  System 
(700  chassis)  . . 

37.  Control  Amplifier  - - - - - 
(800  chassis) 

38.  Range  and  Train  Indicator  - 
(900  chassis) 

39.  PPI  Adaptor  -------- 

(1000  chassis) 


Now  you  have  found  in  which  Major 
Unit  the  "trouble’'  lies.  In  the  space 
u'dTovr | tell  whs t stage  within  tnis  Major 
Unit  you  believe  is  causing  the  "trouble" 
An  example  of  an  answer  as  it  might"’ ha 
given  would  bet 

V-4C4,  Cathode  Follower ... 
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NAME 


PROBLEM  NUTABER 


Page  1 


SYMPTOM:  No  video  on  the  Range  Scope 


SCOPE  INFORMATION 


A.  MONITOR  SCOPE  (Signals/  Markers  switch 
in  the  SIGNALS  POSITION 

1#  Trigger  ------------- 

(Using  fast  sweep) 


2.  Modulation  pulse 
(Using  fast,  sweep) 


3,  Receive  position  -------- 

(15,000  yard  range)  " 


4«  Receive  position  - 
(75,000  yard  range) 


3.  MONITOR  SCOBE  (Signals/Markers  switch 
In  the  MARINERS  POSITION 


5 • Receive  position  — 
(15,000  yard  range) 


69378 


B-18 


15  markers  f 

showing  - also 
range  ring 


PftgA  3 


I7P  TMPrttJMumTAM 

Meter  102 

16.  Driver  Current  ---------  zero 

Meter  103 

17.  Magnetron  Current  Drain  - - - - 24  ma 


IS#  Total  Current  Drain  ------ 

Meter  501 

19.  Oscillations  Indicator  - - - - - 
Meter  901 

20.  Line  Voltage  ---------- 

Meter  902 

21.  Magnetron  Current  ------- 


34  ma 

26  scale  divisions 

111  v. 

24  ma 


22s  Tuning  Indicator  --------  6 ma 

23.  RF  Monitor  ----------  normal 


24.  Ring  Time  -----------  5700  yards 

25.  Relative  Pow«r  ---------  53  ua 

26.  Frequency  Spectrum  -------  normal 


27.  Output  Frequency  -------- 


28.  Voltage  at  Metering  Jack  303  - - minus  .3  v 

29.  Expanded  Sweep  on  "A'1  Scope  - - normal 

30.  Antenna  notation  --------  normal 


S937£- 


B-20 


1 

t 

j* 

I 


i 


I 

m 

I 

I 

s 

l 


I 

i 


r 

it 


£age  4 


MAJOR  UNITS 


31.  Transmitter  -----------  . no 

(100  cht.c  s . i s ) 

32.  Receiver  ------------  no 

(300  chassis) 

33.  Modulation  Generator  ------  no 

(400  chassis) 

34.  Receiver  Power  Supply  ------  no 

(500  chassis) 

35.  Modulation  Gen, Power  Supply  - - - no 

(S00  chassis) 

36.  Antenna  system  ---------  no 


(700  chas&is ) 

37.  Control  Amplifier  --------  no 

(800  cbassi) 

38.  Range  and  Train  Indicator  - - - - yes 

(900  chassis) 

39.  PPI  Adaptor  -----------  no 

(1000  chassis) 


69378 

Nowyou  have  found  in  vh ich  Major 
Unit  the  ;,tror.b?.e,>  lies-.  In  the  space 
Below,  tsl.l  v'.V.at  cta^e  >1  thin  this  "Ma j or 
Unit  you  bo'1  live  :■  ;•  ing  the  ” trouble"  • 

An  examp iv  of  an  answer  aa  it  might  be 
given  would  be ; 

V-404,  Cathode  Follower 


B-21 


NAME 


PROBLEM  NUMBER 


Page  1 

SYMPTOM:  No  video  on  the  PPI  Scope 
SCOPE  INFORMATION 

A.  MONITOR  SCOPE  (Signals /Markers  switch 
IrTthe  SIGNALS  POSITION 

1 . Trigger  - - ---------  - - 

(Using  fast  sweep) 


2.  Modulation  pulse 
(Using  fast  sweep) 


3*  Receive  position  - 
(15,000  yard  range) 


4,  Receive  position 
(75,000  yard  range) 


B.  MONITOR  SCOPE  (Signals/Markers  switch 
in  the  MARKERS  POSITION 

5 ..Receive  position  - 
(15,000  yard  range) 


6»  Receive  position  - 
(75,000  yard  range) 


C.  REMOTE  PPI  SCOPE 

7 . Signals.  _ - _ _ . 
(15,000  yard  range) 


63437 


B-22 


<.  * 


Page  2 


SCOPE  INFORMATION 


n vivo-t?  <?rnp v 


8.  Signals  position  - ■ 
(15,000  yard  range) 


9»  Signals  position  - ■ 
( 75 , 000  yard  range ) 


10.  Markers  position  - < 
(15,000  yard  range) 


11,  Markers  position  - ■ 
(75,000  yard  range) 


>r>x 


12.  Signals  position  - 

M r a ^ r\  j S:  ^ ___  \ 

\*V/  f WWW  J 'll  V.V  A / 


13.,  Signals  position  - 
(75,000  yard  range 


14*  Markers  position  - • 
(15,000  yard  range) 


63497 


15.  Markers  position  - ■ 
(75,000  yard  range) 


B-23 


*■  » 


- 


X 


METER  INFORMATION 


Meter  102 


16*  Driver  Current  --------- 

Meter  105 

17#  Magnetron  Current  Drain  - - - - 


18#  Total  Current  Drain  - « 
Meter  301 


19*  Oscillations  Indicator 
Meter  901 

20,  Line  Voltage  - - - - - 
Meter  902 


21.  Magnetron  current 


zero 


c*±  iiux 


33  ma 


29  scale  divisions 


22.  Tuning  Indicator 


6 ma 


23. RF  Monitor 


ECHO  BOX  INFORMATION 


24.  Ring  Time 


normal 


unable-,  to  determini 


25.  Relative  Power 


54  ua 


26.  Frequency  Spectrum 


normal 


27.  Output  Frequency 


3000  me 


MISCELLANEOUS  INFORMATION 


28.  Voltage  at  me tei-ing  Jack  303  - - 


li  mis  -7  v 


29-  Expanded  Sweep  on  ’’A”  Scope  - - 


unable  to  determine 


30.  Antenna  Rotation 


normal 


B-2ii 


68497 


Page  4 


MAJOR  UNITS 


31.  Transmitter  ----------  no 

(100  chassis) 

32.  Receiver  -----------  no 

(300  chassis) 

33.  Modulation  Generator  -----  no 

(400  chassis) 

34.  Receiver  Power  Supply  -----  no 

(500  chassis) 

35.  Modulation  Gen  Power  Supply  - - no 

(600  chassis) 

36.  Antenna  System  --------  no 

(700  chassis) 

37.  Control  Amplifier  -------  no 

(800  chassis) 

38.  Rang©  and  Train  Indicator  - - - yes 

(900  chassis) 

39.  PPI  Adaptor  ----------  10 

(1000  chassis) 


/+  O A r\  r>* 

V # w.  r 

Not.  you  have  found  in  which  Ma .1  or- 
Unit  the  '’trouble1*  lies.'  In  the  space 
EeTow,  tell  what  stqge  within  this  Major 
Unit  ycu  believe  is  causing  the  ’’trouble”. 
An  example  of  an  answer  as  it  might  bo 
given  would  be: 

V-404.  Cathode  Follower 


B-2p 

PROBLEM  NUMBER 


NAME 


! > 


-M 


■i.  ; 


i i 


Page  1 

SYMPTOM:  No  video  on  the  Range  Scope 
SCOPE  INFORMATION 

A.  MONITOR  SCOPS  (Signals/Markers  switch 
in  the  "SiuNALS  POSITION 

1*  Trigger  - - - _ _______  \ I \ 

(Using  fast  sv/eep ) 

. i / — 1 

2 » Modulation  pulse  - --  --  --  - \U  J 

\ x mu  o u««oop  ) \^_ 

/ \ 

3.  Receive  position  - --  --  --  - ? — ff'TTTI 

'('15,000  yard  range) 

\ 

4*  Receive  position  --------  (l ifT*'1"') 

/ r7c  : \ \ / 

v t C/  y WV  .T  ux  u a l 

3.  MONITOR  SCOPE  (Signals/Markers  switch 

in  the  MARKERS  POSITION  ^ 

5*  Receive  position  - --  --  --  - (J  | ~|  1 

/ i r aaa  j \ 

\1U|WV  jeu  u X ciiige  ; 


5«  Receive  position 
( 7b , 000  yard  range ) 


•(  ) • 


C.  REMOTE  PPI  SCOPE 


67576 


7,  Signals  _ 

(15,000  yard  range) 


B-26 


Pa«e  2 


SCOPE  INFORMATION  CON?. 


D.  RANGE  SCOPE 


8,  Signals  position  - - - 
(15,000  yard  range) 


9.  Signals  position  - - - 
(75,000  yard  position) 


10.  Markers  position  - - 
( 15 , 000  yard  range ) 


11.  Markers  position  - « 
(75,000  yard  range) 


E.  PPI  SCOPE 


iz*  oignai3  position  - ■ 
(15,000  yard  range) 


/%A 

v ) 


13.  Signals  position  - ■ 
(75,000  yard  range) 


14.  Markers  position  - - 
(15,000  yards  range) 


(flit) 


15.  Markers  position  - - 
(75,000  yard  range ) 


15  markers 
showing  - also 
range  ring 


. v*. 


' i 

t‘  * 

i f 

^ t 

i 

i ' 


I 

1 


i 


i 

i 


M^TER  INFORMATION 

Meter  IQ? 

16,  Driver  Current  - - - ------ 

Meter  103 

17,  Magnetron  Current  Drain  - - - - 

18,  Total  Current  Drain  ------ 

Meter  301 

IS,  Oscillations  Indicator  - - - - - 
Meter  901 

20,  Line  Voltage  ---------- 

Meter  902 

21,  Magnetron  Current  ------- 

22,  Tuning  Indicator  -------- 

23,  RF  Monitor  ----------- 

ECHO  BOX  INFORMATION 

24*  Ring  Time  ------------- 

25,  Relative  Power  --------- 

2G,  Frequency  Spectrum  ------- 

27,  Output  Frequency  -------- 

MISCELLANEOUS  INFORMATION 

28,  Voltage  at  Metering  Jack  303  - - 

29,  Expanded  Sweep  on  "A”  Scope  - - 

30,  Antenna  Rotation  -------- 

. . 

S-28 

67576 


2ero 


24  raa 


33  ma 


28  scale  divisions 
112v 
24  ma 
6 ma 

( * 

normal 


K 1 fV’l  ir  n e 

J CA4. 


48  ua 
normal 
5000  me 


minus  ,7  v 


urable  to  determine 


normal 


Page 


A 


MAJOR  UNITS 


31* 

Transmitter  ---------- 

( iuO  chassis) 

no 

— 

32. 

Receiver  ----------- 

(300  chassis) 

no 

c*  m 

oo. 

Modulation  Generator  ----- 
(400  chassis) 

no 

-34  a 

Receiver  Power  Supply  - - - - - 
(500  chassis) 

no 

» 

i 

••  • .. 

7 a 

W V « 

\& rfi*  4 D Qi  itsyn!  tr  __  W 

iUwUViaUS*  W *'W»*  V w *A  A Vtfw*  ^ — - 

(600  chassis 

saw 

• - 

36. 

Antenna  System  -------- 

(700  chassis) 

no 

t 

37. 

Control  Amplifier  ------- 

(800  chassis) 

no 

38. 

Range  and  Train  Indicator  - « - 
(900  chassis) 

yes 

39. 

PPI  Adaptor  **-  “ " - ■ 

(1000  chassis) 

no 

67576 

WOW  you  Ultva  xO'uilu.  ~J.li  luixvii  wijiiOif 

Unit  the  “trouble"  lies.  In  the  space 
below,  tell  what  stage  within  this  IJajcr 
Unit  you  believe  is  causing  the  “trouble” , 
An  example  of  an  answer  as  it  wight  be 
given  would  be: 

V-404*  Cathode  Follower 


B-29 

PROBLEM  NUMBER 


NAME 


'JMl- 


Page  1 


^XBlr’iUW  * i'i  O V 1UOU  uu  uxiQ  ?».  j 


C n Ar>  & 

M w 


''\  SCOPS  INFORMATION 

A.  MONITOR  SCCFE  (Slgnale/Mor ker « «« l tcli 
in  the  SIGNALS  POSITION 


1*  Trigger  ------ 

(Using  fast  sweep) 


2,  Modulation  pulse  - 
(Using  fast  sweep) 


3,  Receive  position 
(15,000  yard  range) 


4.  Receive  position  - 
— ».  (75,000  yard  range) 


K ) 


B.  MONITOR  SCOPE  (Signals/Markers  switch 
in  the  MARKERS  POSITION 


5,  Receive  position 
(3.5,000  yard  range) 


6,  Receive  position  - 
(75 i 000  yard  range) 


v y 


C.  REMOTE  PPI  SCOPE 


69675 


7,  Signals^*-  ------ 

(15,000  yards  range) 


B-30 


Page  2 


SCOPE  INFORMATION  CONT 


D.  RANOE  SCOPS 


8.  Signals  position  6 ■ 

Me;  AAA  J ' 

\ *v  f WWW  J CLi.  X CXJ.'.^W  / 


9.  Signals  position  — • 
(75,000  yard  rqnge ) 


r\ 


10,  Markers  position  - • 
(15,000  yard  range) 


11.  Markers  position  - « 
(75,000  yard  range) 


E.  PPI  SCOPS 


12.  Signals  position  - 
(15,000  yard  iangc) 


13*  Signals  position  - • 
(75,000  yard  range) 


V S 


14,  Markers  position  - • 
(15,000  yard  range) 


r 


15*  Markers  position  - • 
(75.000  yard  range) 


*.  • 


.5  _ 


METER  INFORMATION 


Meter  102 

16,  Driver  Current 


Meter  103 

17.  Magnetron  Current  Drain 


zero  , 


zero 


i ! 

1 I 


18.  Total  Current  Drain 


Meter  301 

19.  Oscillations  Indieator 
Meter  901 


20*  L-me  Volta  cr* 

u-' 

Meter  902 


21.  Magnetron  Current 


22.  Tuning  Indicator  - - - - 


23. RF  Monitor 


zero 


25  scale  divisions 


zero 


25  ma. . no  dip 


zero 


ECHO  BOX  INFORMATION 


24.  Ring  Tims  ----------- 


unable  to  determine 


25.  Relative  Power  - - - - 


zero 


26,  Frequency  Spectrum 


27.  Output  Frequency 


MISCELLANEOUS  INFORMATION 


unable  to  determine 


unable  to  determine 


28.  Voltage  at  Metering  Jack  303  - - 


minus  .8  v. 


29.  Expanded  Sweep  on  "A”  Scope  - - 


unable  to  determine 


30.  Antenna  Rotation 


normal 


69675 


; 


i 

[ 


i 


S 


K 


Paae  4 

MAJOR  UNITS 


31«  TT»«n|»Tn1  t-t*®?  ----------  no 

(100  chassis ) 

32.  Receiver  ---------  - - no 

(300  chassis) 

33,  Modulation  Generator  -----  yes 

(400  chassis) 

34 p Receiver  Power  Supply-'-  - - - no 

I Rfin  r*  V»  c Q o 4 .Q  \ 

35,  Modulation  Gen  Power  Supply  - - no 

(600  chassis) 

36,  A itenna  System  - --  --  --  - no 

(700  chassis) 

37,  Control  Amplifier  ^ no 

(800  chassis) 

38,  Range  and  Train  Indicator  - - no 

(900  chassis ) 

39,  PPI  Adaptor  ----------  no 

(1000  chassis) 

* - - . 


■fr.\ 


/ 

4 

| 

•'  yi 

r — 

i 

j 

♦ 

j 


69675 

Now  you  have  found  in  which  Major. 

Unit  the  '’trouble11  lies.  In  the  space  below, 
toll  what  stage  within  this  Major  unit  you 
believe  is  causing  the  ** trouble.  An  example 
of  an  answer  as  it  might  be  given  would  be: 

y-404*  Cathode  Follower 


■iSU  , 


NAME, 


3-33 

-PROBLEM  NUMBIH 


f U 


PacrA  1 


SYMPTOM:  No  video  on  the  Range  Scope 


SC  OP  hi  iwr  wnniA'j.'  X(JN 

A.  MONITOR  SCOPE  (Signals  /Markers  switch 
in  the  SIGNALS  POSITION 


1*  Trigger  ----- 
(Using  fact  sweep) 


2*  Modulation  Pulse 
(Using  fast  sweep], 


/ 

/ 

/ • 


3.  Receive  position  ------- 

(15,000  yard  range) 

i e ; i 'O  v u V D p yji  X O On  • — 

(75,000  yard  range) 

5 MONITOR  SCOPE  (Signals/Markers  switch 
TK~^ie1iOTilMS  POSITION 

5.  Receive  position  ------- 

(15,000  yard  range) 

6 . Receive  position  ------- 

(75,000  yard  range) 

0,  REMOTE  IP I SOOFE 

7t  Signals.,- 

(15,000  yard  range) 

57734  B-3U 


Lnrw 


/ \ 

(jnwniiinn) 


<• 

. * 


Paae  2 


SCOPE  INFORMATION  CONT 


D*  RANGE  SCOPE 


8.  Signals  position  - 
{15,000  yard  r&me'i 


9.  Signals  position  - 
( *7 F\  . OOO  TTord 

' * ~ 9 V U D-  # 


10.  Markers  position  - 
{ 15 . 000  yard  range  ) 


11*  Markers  position  - 
(75,000  yard  range) 


E.  PPI  SCOPE 


x<d.  signals  position  - < 
(15,000  yard  range) 


f**J\ 

i \ w * l 


13.  Signals  position  - < 
(75,000  yard  range) 


V‘  J 


14.  Markers  position  - • 
( 15 , 000  yard  range ) 


({r. 


67784 


15*  Markers  position  - ■ 
(75-000  yard  range) 


B-35 


15  markers 
showing  •» 
range  ring 


Fage  3 

Mfii'BK  INFORMATION 

Mstsr^  a. 02 

16.  Driver  C ’or  rent  - --  --  --  --  zero 

tf  ^ j_ «i  r\f» 

WOUC£  JiKJO 

17.  Magnetron  Current  Drain  - - - - 24  ma 

• • r 

18.  Total  Current  Drain  ------  34  ma 

Meter  301 

19.  Oscillations  Indicator  —————  26  scale  divisions 

Meter  901 

20.  Line  Voltage  ----------  il4v . 

Meter  202 

21.  Magnetron  Current  -------  24  ma 


22.  Tuning  Indicator  --------  5 ma 

23.  RP  Monitor  -----------  normal 


ECHO  BOX  INFORMATION 

24 _ Ring  Time  -—  unable  to  determine 

a — — . ^ . ■—  w 

. nRi«  i.  i vr  rnwHj*  — — — — — — u.vt 


26.  Frequency  Spectrum  -------  normal 

27-  Output  Frequency  --------  3000  me 

MISCELLANEOUS  INFORMATION 


28.  Voltage  at  Metering  Jack  303  - - minus  .7  ys 

29.  Expanded  Sweep  on  M A”  Scope  - - unable  to  determine 


30.  Antenna  Rotation 


normal 


. *. 


* “6°  ** 


'■■■:  MAJOR  UNITS 


rrano  mi  o x,  sr  - 
(ICO  chassis) 


Receiver  --------- 

( 300  chas  sis ) 

Modulation  Generator  - - - 
(400  chassis) 


Receiver  Power  Supply 
(500  chassis)  * 


Modulation  Gen  Power  Supply 
(600  chassis) 


Antenna  System 
(700  chassis)' 


Control  Amplifier  - - - - - 
(800  chassis) 

Range  and  Train  indicator  - 
(900  chassis) 


PPI  Adaptor  - « 
(1000  chassis) 


67784 

Now  you  have  found  in  which  Ma .1  or 
Unit  the  “trouble"  lies.  In  the  .space 
below,  tell  vhat  stage  within  this  Major 
Unit  you  believe  is  causing  the  “trouble" 
An  example  of  answer  as  it  might  be 
given  would  be: 

V**404,  Cathode  Follower 


NAME 


PROBLEB  NUMBER 


B~>7 


• 


Pago  1 


SJYMPTOM;  No  video  on  the  PPI  Scope 


SCOPS  INFORMATION 

A.  MONITOR  SCOPE  )Signals/^!arkers  switch 
in  the  SIGNALS  POSITION 


1.  Trigger  - - - r : 
(Using  fast  sweep) 


o 


2.  Modulation  pulse, 
(Using  fast  sweep) 


r \ 
f\  \ 


3.  Receive  position 


(15,000  yard  range) 


4.  Receive  position 
(76,000  yard  range) 


B.  MONITOR  SCOPE  (Signals /Markers  switch 
in  the  BARKERS  POSITION 


5.  Receive  position 
( 15 . GCC  yard  range) 


6.  Receive  position  - 
(75,000  yard  range) 


C-,  REMOTE  PPI  SCOPE 


69873 


7*  Signals 

( 15,000  yard  range) 


H-JQ 


Faye  2 

SCOPE  INFORMATION  CONT, 

i>  • nitxtO’ij 

8.  Signals  position  -------- 

(15,000  yard  range)'  — — 


9*  Signals  position  - 
(75,000  yard,  range) 


10.  Markers  position  - 
(15,000  yard  range) 


\ 

i 

, » 
i / 


' X 


/ 

11*  Markers  position  - 
(75,000  yard  range) 


Et>L'T 

• * * X & 

12 s Signals  position  - 
( 15 , 000  yard  range ) 


13.  Signals  position  - 
(75,000  yard  range) 


14. 


Markers  position  - 
( 15 , 000  yard  range ) 


15. 

69875 


Markers  position  - 
(75,000  yard  range) 


1 

. 

I 

I 


j ! 


<■5  ' ' < ___ 

rage  3 

?.fl?fPT7P  T^TPnPttA  WT.^.M 

Meter  102 

16.  Driver  Current  ------- 

Meter  103 

17.  Magnetron  Currant  Drain  - ■ 

18.  Total  Current  Drain  - - - . 
Meter  301 

19.  Oscillations  Indicator  - - ■ 
Meter  901 

20.  Line  Voltage  -------- 

Meter  902 

21.  Magnetron  Current  - - - - ■ 

22.  Tuning  Indicator  ------ 

23.  RF  Monitor  --------- 

ECHO  SOX  INF0U.1A.T1QN 

24.  Ring  Time  --------- 

25.  Relative  Power*  ------- 

26.  Frequency  Spectr.um.-r  - - - - 

27.  Output  Frequency  ------ 

MISCELLANEOUS  INFORMATION 

28.  Voltage  at  Metering  Jack  30c 

29.  Expanded  Sweep  of  Scope 

30.  Antenna  Rotation  ------ 


zero 
24  ma 
33  ma 

26  s cale  d i vl s ions 

115 
24  ma 
6 ma 
normal 


unable  tc  determine 

55  um 

normal 
3000  me 


minus  .8  v. 


unable  to  determine 


normal 


B-UD 


69873 


i 


■-)  it- 


i * 


MAJOR  UNITS 


31*  Transmitter  ---------- 

(100  chassis) 


! I 


32.  Receiver  ------ 

(300  chassis) 

33.  Modulation  Generator 
(400  chassis) 

34.  Receiver  Power  Supply 
(500  chassis) 


35.  Modulation  Gen  Power  Supply  - - 
(600  chassis) 


36.  Antenna  System  - - 
(700  chassis) 


37.  Control  Amplifier 
(800  chassis) 


38.  Range  and  T^ain  Indicator  - - - 
(900  chassis ) 


39.  F?I  Adaptor  - 
(1000  chassis) 


RQA73 


I 

a 

k 


Now  you  have  found  in  wnich  Major 
Unit  the  ’’trouble"  lies.  In  the  space 
baTo'w , tell  what  stage  within  this  Major 
Unit  you  believe  is  causing  the  "trouble” 
An  example  of  an  answer  as  it  might  be 
given  would  be: 

V-404,  Cathode  Follower 


B-lil 


NAME 


PROBihM  NUMBER 


/ * 


*•  t 


*v  * 


Page  2 


SCOPE  INFORMATION  CO NT. 


D . RANGc,  SCOPE 


8.  Signals  position  - - 
(15,000  yard  range) 


/ 

I1— > ** 


9.  Signals  position"-" 
(75,000  yard  ranga ) 


10.  Markers  position  - 

. / T C 'ij  o v*»4  2 v»  ) 

• \ w j Wv  J i*i  u X Oua^u  / 


)'W 


11.  Markers  position  - • 
( 75 , 000  yard  range ) 


E.  PPI  SCOpF 


12.  Signals  position  » 
(15,000  yard  range) 


/ \ 
(ktuM 

V 1 r y 


,o,  \ 


13.  Signals  position  - ■ 
(75,000  yard  range) 


( ■ 0-) 


14.  Markers  position  - - 
(15,000  yard  range) 


®v 


67972 


15.  Markers  position  - ■ 
(75,000  yard  range) 


B~ii3 


15  markers  shewing 
also  range  mark 


Page  3 

METER  INFORMATION 
16 • Driver  Current  -------- 

17,  r.ivny>ont  — — 

— • - c“v'  * 

18,  Total  Current  Drain  ------ 

19,  Oscillations  Indicator  - - - - - 

20,  Line  Voltage  ---------- 

X — 

21s  Magnetron  Current  ------- 

22.  Tuning  Indicator  -------- 

23.  RF  Monitor  - --  --  .--- 
ECHO  BOX'  INFORMATION 

24.  Ring  Time  - -------- 

25.  Relative  Power  --------- 

26.  Frequency  Spectrum  ------- 

27.  Output  Frequent  - --  --  --  -- 
MISCELLANEOUS  INFORMATION 

28.  Voltage  at  Metering  Jacic  303  - - 

29.  Expanded  Sweep  on  ;,AU  Scope  - - 

30.  Antenna  Rotation  -------- 

..  B-hk 


zero 

O A-  wo 

W A 4UM 

31  ma 
■ zero 
117  v 
24  ma 

' 30  ma. . no  dip 

normal 


unable  to  determine 
53  Ha 
normal 
3 00 0 me 

mi  nus  .4  v 
normal 

normal 


67972 


Page  4 


MA  JQR  UNITS 


31,  Transmitter  ----------- 

(100  chassis) 

32,  Receiver  ------------ 

(300  chassis) 

33,  Modulation  Generator  ------ 

(400  chassis)  - ~ . 

34,  Receiver  Power 'Supply  ------ 

(500  chassis) 

35,  Modulation  Gen.  Power  Supply - 
(600  chassis) 

36,  Antenna  System  -------- 

(700  chassis) 

37c  Control  Aapli  ier  -------- 

(800  chassis) 

38.  Range  and  Train  Indicator  - - - - 
(900  chassis) 

39.  ?PI  Adantor-  - --  --  --  --  -- 
(1000  chassis) 


yes 

no 

no 

no 

no 


no 


no 


67972 

Now  you  have  round  In  cn  Ma j or 
Unit  the  ’’ti*  cable"  lies.  In  the  space 
below,  tell  wi at  stage  within  this  Major 
Unit  you  believe  i3  causing  the  ’’trouble" . 
An  example  or  an  answer  as  it  might  be 
given  -sould  be: 

V-404,  Cathode  Follower 


B-k$ 


Ni25£-  PROEEEM  NUMBER 


-4 


Pane  1 


SYMPTOMi  He  ranse  seet  c*i  ppt  3cAna 


2#  Modulation  pulse 
(Using  fast  sweep) 


k o o*  4 ..  . • • • 

position 

(15,000  yard  range) 


4,  Receive  position  -------- 

(75 ,"000  yard  range) 

B.  MONITOR  SO  OPE  (Sigmils/I^iarkers  switch 
In  the  MARKERS  POSITION 

5.  Receive  position  -------- 

( 15 . 000  yard  range ) 


6.  Receive  position 
(75,000  yard  range) 


6S091 


i 


t 

m 


P&ge 


SCOPS  INFORMATION 


T*\  t-»  * turn  n nAnn 


6.  Signals  position  - ■ 
(15,000  yard  range) 


7* 

m 


i 


9*  Signals  position  - ■ 
(75,000  yard  range) 

r 

10.  Markers  position  - ■ 
( 15 , 000  yard  range ) 

11.  Markers^ position  - - 
( 75  -todcF  yard  range  ) 


E.  FPI  SCOPE 


12.  Signals  position  - - - 

( 1 5 . non  vnri  nor«  i 

> — ” # «/ *•  • "w  - - 


K 

1 


52 

£ 


13.  Signals  position  - ■ 
(75,000  yard  range) 


xa.  Markers  posii-iOn  ------- 

( 15 , 000  yard  range ) 


69091 


t 

15.  Markers  position  -•  ■ 
(75,0p0  yard  range) 


B-l;7 


r ~*va  . 


15  markers  . showing 
no  range  ring 


.£ 


•»***-» 


<* 

* vtgv;  w 

immrm  -rim/rntf  i 

ivicixr*n  liipvnna ixv« 

Meter  102 

16*  Driver  Current  - --  --  --  - 
Meter  103 

17.  Magnetron  Current  — — — — — ■ 

18,  Total  Current  Drain 
Meter  301 

19  * Oscillations  Indicator  - - - - 
Met  ex-  901 

20,  Line  Voltage  --------- 

Meter  902 

21,  Magnetron  Current  ------ 

22-  Tuning  Indicator  ------- 

23.  RF  Monitor  ---------- 

ECHO  BOX  INFORMATION 
24*  King  T'ime  -------  -- 

T5  .-r  •*.  » Tt  , 

MW  i .1  v X v.  V ^ v V 1'  k^lif  C<L  " ^ " " ** 

26.  Frequency  Spectrum  ------ 

27,  Output  Frequency  ------- 

MISCELLANEOUS  INFORMATION 

28s  Voltage  at  Metering  -Jack  303  — 

29.  Expanded  Sweep  on  nAu  Scope 

30.  Antenna  Rotation  ------- 


B-18 


. i 


zero 


31  ma 


25  scale  divisions 


/ 

/ 

/ • 


114  v 


24  ma 
6 ma 
normal 


unable  to  determine 


■au  ua 


normal 
3000  me 


vnl  mio  Q *r 

X4MM  f W V 


norma 


normal 


69001 


«-V‘. 
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MAJOR  UNITS 


31*  Transmitter  - --  --  ------  no 

(100  chassis) 

32.  Receiver  -----------  no 

(300  chassis) 

33*  Modulation  Generator  -----  no 

(400  chassis) 

34*  Receiver  Power  Supply  -----  no 

(500  chassis) 

35.  Modulation  Gen  Power  Supply  - - no 

(600  chassis) 

36.  Antenna  System  — — — — — — — — no 

(700  chassis ) 

37.  Control  Amplifier  -------  no 

(800  chassis) 

38.  Range  and  Train  Indicator  - - - yes 

(900  chassis ) 

33.  PPI  Adaptor  ----------  no 

(1000  chassis) 


63091 

Now  you  have  found  in  vhich  Major 
Unit  the  “trouble”  lies.  In  the  space 
below,  tell  what  stage  vA  thin  this  Major 
Unit  you  believe  is  causing  the  "trouble". 
An  example  of  an  an  swer  as  it.  might  be 
given  would  bej 

V-404  Cathode  Follower 


J 

71 

17 

7* 


\ 


* 


NAME 


B-U$> 

PROBLEM  NUMBER 


APPENDIX  C 


FAMILIARITY  WITH  EQOIBlEKT  TEST 
(Parts  I sad  II)  (SGlb  Nadar) 

fhrt  I of  tnis  test  consists  of  one  page  of  instructions, 
six  pares  of  questions,  and  an  answer  sheet*  Part  II  consists 
of  one  pegs  of  instructions,  two  photographs  of  ths  SGlb  radar, 
an*  an.  answer  sheet. 


C-l 


FAMILIARITY  WITH  B^PIPHBiT 
^ 50-10 J 


DIREC TI0N8  t Dill  it  e teat  of  your  familiarity  with  the  SG-lb  radar 
equipment.  3he  teat  consists  of  tiro  parte*  Part  I la  made  up  of  35 
general  multiple  ohoioe  queationa  w'nioh  we  ere  asking  you  to  answer 
frca  memory.  Pairt  II  oontains  20  queationa  of  the  matohing  type 
whioh  are  alao  to  ibO!  answered  from  memory.  The  SG-lb  radar  is  the 
only  equipment  that  is  involved.  DO  HOT  MAKE  ANY  MAIYS  OF  ANY  KIND 
ON  THB  QtjgSTfttt  SHEETS.  ;;  ~ 


PART  1^ 

In  Part  I for  eaoh  queation  there  are  given  five  possible  answers. 

You  are  to  pick  out  what  you  believe  to  be  the  oorreot  answer  and  fill 
in  the  spaoe  under  its  letter  on  the  8eparate  answer  sheet.  Hie  fifth 
ohoioe  or  answer  for  eaoh  queation  reads*  "no  oorreot  answer  given." 
Ihis  ohoioe  should  be  used  when  you  believe  that  none  of  the  first 
four  oho toe s oorreotly  answers  the  question  that  has  been  asked* 

Please  attempt  to  answer  every  question*  ftro  sample  questions  like 
those  in  Part  I are  shown  below* 

T?VAUbT|?  Y 

What  ia  the  main  use  unde  of  the  SG-lb  radar  equipment? 

(a)  fire  oentrol 

(b)  air  aearoh 

(a)  xiirfsaa  Wtrch 

(d)  zenith  aearoh 

(e)  no  oorreot  answer  given 


EXAMFIS  7 

Whioh  unit  of  the  SG-lb  ia  some times  referred  tc  as  the 
"console”? 

(a)  modulation  (generator 

(b)  transmitter 

(c)  RF  assembly 
(*\ 

(e)  no  oorreot  answer  given 

q^udti?  ni*  iuo  rt?ti  cupnw 

>V4U  WA  ^*»U  IA>1\  ULUJ1P  X 

8 b « d a 

i ( >oitt(.,s(  ) 

« b a d e 

„ / w \ \ / \ fi*!' 

i v a a a twei 

In  Example  X,  aurfaoe  search  is  the  oorreot  answer  sc  the  specs  under 
the  letter  for’ourfaoe  aearoh,  o,  has  been  filled  in  on  the  sample 
answer  sheet  above* 

In  Example  Y,  the  eerreot  answer  has  not  been  given  so  the  spaoe  under 
the  letter  for  no  oorreot  answer  given  has  been  filled  in  on  the  sample 
answer  sheet  above*  p n 


WU**  4 • fyftwn^  tmi  t of 

the  SG-lfc  radar  operetta? 

(ft } 3C  iiu 

(b)  1,000  ao 
(e)  3,000  ae 

(d)  10,000  ao 

(e)  no  sorreot  answer  giveif 


How  many  stages  of  IF  amplification  are  used.  In  the  SG-lb  radar 
iiquipoent? 

(e)  two 
(b)  four 
(o ) six 

(d)  eight 

(e)  no  correct  answer  given 

Bow  winy  switohes  must  be  turned  on  so  that  returned  echos  will 
be  risible  on  the  scopes,  starting  fro & the  oanpleteiy  secured 
position? 

(k)  two 

/v  1 « 

\m  3 Wl  tat? 

(o)  four 

t Jk  \ 

\uy  <vA?v 

(e)  no  correct  answer  giv*n 

nhst  should  the  magnetron  currant  water  reading  normally  be  for 
the  SG-lb  radar? 

(®«  16  S 
(b)  24  as 
(e)  SO  m 

(d)  38  we 

(e)  no  oorreot  answer  gi-ren 

How  many  power  supplies  does  the  range  and  train  indie* tor  contain? 

(a)  one 

(b)  two 

(c)  three 

(d)  four 

(e)  no  correct  answer  given 

What  is  the  proper  output  froa  the  range  nark  cathode  follower 
(V-412)? 

(a)  positive  pips  approxissitsly  20  uses,  apart 

(b)  positive  pip*  approximately  105  useo'1  apart 
(e)  negative  pipa  approximately  30  us  so  apart 
(d)  negative  pipa  approximately  105  useo  apart 
(a)  no  oorrwot  answer  given 


C-3 


1 * - * . 


?•  i?  in*  bandwidth  of  the  g{j«lb  radar  receiver  unit? 

(a)  10  ko 

(b)  1*8  as 
(o)  2,8  mo 

(d)  80  no 

(e)  no  oo r root  answer  given 

8,  TJhat  is  the  approximate  length  of  the  component  Y-301»50? 

(a)  one  inoh  cr  lose 
\b  / cnc  to  tsfO  luiue  d 
(o)  two  to  three  inches 
(d)  three  to  four  inches 

{ Mf. g.  „♦ 

\w;  UW  VUtiOUV  QUCTT9  X~  glVOU 

9*  Whioh  cue  of  the  following  tube  types  is  used  in  the  SO-lb  radar 
as  s low  voltage  re otifier  (400  volts  or  lese)? 

(a)  623 

is)  5Y3GI 

(o)  6X5  : 

(d)  80 

(e)  no  correct  answer  given 

10 » What  type  multivibrator  is  used  in  the  generation  of  range  markers? 

(a)  free  running 

(b)  £ool#S— Jordan 
(o)  electron  coupled 

(d)  one  shot 

(e)  no  oorreot  answer  given 

11s  What  is  the  Baxisass.  speed  of  antenna  rotation  in  ?_pu  for  the  3G-lb 

* mum  t o^uapxuu  w • 

(a)  eight 

(b)  sixteen 
(o)  twenty-four 

(d)  thirty- two 

(e)  no  oorreot  answer  given 

12#  On  which  chassis  is  the  component  nR  407”  located? 


(a)  radar  receiver 

(b)  range  end  train  indicator 
(o)  transmitter 

(d)  module ticn  generator 

(a)  no  oorreot  answer  given 


13.  Whit  adjustment  As  tfidebyuae  of  hR  129 14  ? 


(a)  intensity  on  the  PPI  soope 

(b)  biles  on  the  isolation  rectifier  tube 
(o)  intensity  on  the  nKM  scope 

(d)  nAw  soope  astigmatism  •*“*• 

(e)  no  oorreot  ansShsi*'  given 

14.  What  is  the  approximate  apparent  power  input  to  the  SG-lb 
radar  equipment?  • 

(a)  2.6  EVA 

(b)  3.5  KVA 
(a)  6 KVA 

(d)  40  KVA 

(e)  no  oorreot  answer  given'  *'  • 

15.  What  is  tho  maximum  calibrated  range  of  tho  SG-lb  radar 
equipment? 


(e)  40, COO  yard* 

(b)  160,000  yards 

(g)  200,000  yards  • ; 

(d)  400,000  yards  ; • ' - 

(e)  no  correct  answer  riven 

16.  Which  of  the  following  is  the  proper  wave  form  for  the  modu- 
lation return  pulse? 


i A 

K*J 


/ 


/•  % — •=- 
\o) 


I 


\ r 

\ i 

M 


"V 


(o) 


l\ 


in) 


l 

!V 


\ ! 
Vi 


—i 


yo  ^ no  ocrx roxtn  shown 

17*  trtiioh  of  the  following  is  tho  proper  wove  fora  for  tho  output 


!£»  typr  receiver  is  uMd  is  tie  30*1**  radar  aquipwantf 

(•)’  Autodyu* 

ib)  njenentin 

fa)  super- regenerate  vs  _ 

id)  aupo  rhet rodyns 

(a)  no  oorraot  answer  glean 


19.  Which  of  the  following  chassis  has  a control  that  oaa  be  us  ad 
to  very  tha  rapotitlon  rata? 

Ca3  transmitter 

(b  i rang*  and  train  indicator 

is)  receiver 

id)  oontrol  amplifier 

(a)  no  oorraot  anawar  given 


20.  VJhat  is  tha  proper  input  to  tha  keyer  tubes  in  tha  SO- lb 

radar  equipmentf 

(a)  positive  pulses  2 uaw  in  duration 
Cb)  positive  pulse-  S09&  uses  in  duration 
(o)  positive  pulses  105  usee  in  duration 
(d)  pcaitiva  pnlaes  1260  in  duration 

(«)  no  correct  assuror  givst. 


21.  Cfci  what  chassis  is  the  distribution  transformer  located? 

(a)  modulation  generator  rectifier  unit 

(b)  remote  PPI  adapter 
Co)  driver  rectifier 

(d)  transmitter 

(e)  no  correct  answer  given* 

22.  what  is  the  natural  frequency  of  the  range  marie  oaoi?lator  (V407) 

(ft)  SO  kc 
(b)  32.78  kc 

(o)  30  mo  ’ ‘ ‘ 

(d)  32 . 73  ro 

(e)  no  cjo rrr?ot  »rKw«r  f7. 1 n - 

23.  How  quickly  should  returned  echos  be  observed  on  the  scopes  after 
turning  ca  all  necessary  switches? 

(a)  30  seoonds 

(b)  one  minute 

(o)  two  minutes  > 

(d)  five  minutes 

(a)  no  oorraot  answer  glean 


* • • * • - - ^...1 J £-  4.L.  on  1 - 

£^9  KfUIX  V^rjfiS  £7  tUDQO  OJO  UPCU  AU  VIIO  uv—*u  *«M«« 


V^UXpMWMW  ? 


(a)  807  - -'  j •■  ■ ■■ 

. • ‘ (b)  2060 
(e)  835 
(d)  304 IH 

(a)  no  correct  answer  given  ' 


rr*’  "f1  J ’>»♦ 


25.  What  is  the  approximate  diameter  of  the  PPI  scope  on  the  SG-lb 
radar  t 


(p)  6 inches 
(b)  7 inches 

/ /«  ^ Q ^ vteViAc 
\ *+  f M *W*AV#»*V#  c* 

(d)  12  inohes 

*»  a *»**■»/« 4*  a«M 

IV  / A*v  WV  » * V v If  W4.I 


na  V*  «»4w*av 
,v“ 


26.  . The  "ppi11  scope  has 

(e)  electromagnetic  deflection  and  req\>ires  9KV,for  operation 
(b)  electrostatic  defleotion  and  requires  9 KV  for  operation 
(o)  electromagnetic  defleotion  and  requires  fi  KV  for  operation 

(d)  electrostatic  deflection  and  requires  6 Kv*  for  operation 

(e)  no  correct  answer  giver. 


27.  On  what  chassis  would  the  component  "V-303  be  located? 

(a)  modulation  generator 
(V)  control  amplifier 

(o)  receiver  power  supply  f„;>-  -n 

(d)  transmitter 

(a)  no  correct  answer  given 


28.  What  is  the  normal  magnitude  of  the  keep-alive  voltage? 

t 

. 'f  1 •' 

(a)  plus  700  volts 
{[»)  plus  300  volts 
(e)  minus  700  volts 

(d)  minus  900  volts 

(e)  no  correct  enswer  given 


29*  The  wave  gate  operates  at  what  frequency? 

(a)  one-half  the  repetition  rate 

(b)  twice  the  repetition  rate 
(o)  equal  to  the  repetition  rate 

(d)  one-third  the  repetition  rate  ' 

(e)  no  correct  answer  given  ' ' 


50#  If  the  operator  wished  to  vary.  the  receiver  go  in,  cn  which  of  the 
folTJ-ing  chassis  weald  he  find  the  proper  control? 

?/.;i  * . 

(n)  RF  assembly 

(b)  range  and  train  indicator  r 

(o)  transmitter 

(d)  control  amplifier 
(«)  no  oorreot  answer  given 


51#  Approximately  how  many  fuses  of  all  typ*a  .ere  used  in  the  SG-lb 
radar  equipment? 

(a)  five 

(b)  fifteen 
(e)  twenty 

(d)  twenty-five 

(e)  no  oorreot  answer  given 


52,  What  is  the  peak  power  output  for  the  SG-lb  radar  equipment? 

(a)  40  KW 

(b)  80  KW 
(o)  *<00  KW 

(d)  400  KW 

(e)  no  oorreot  answer  given 


33.  Which  of  the  following  can  be  measured  with  the  RF  signal  monitor 
on  the  SG-lb  iudar  equipment? 

(a)  the  approximate  ringing  time  ^ . 

(b)  the  approximate  relative  receiver  gain 
(o)  the  approximate  IF  bandwidth 

(d)  the  approximate  frequency  of  the  klystron 
(«)  no  oorreot  answer  given 


34.  V»nen  the  range  step  switch  is  turned  cn,  the  effect  is  noticed 
on  what  scope  or  sccne-a? 

(a.)  snly  on  the  "A"  soepe 
(b)  only  on  the  PPI  scope 
(o)  on  the  "A"  soope  and  PPI  scope 

(d)  on  the  "A”  aoppe,  PPI  scope  and  the  Monitor  scope 

(e)  no  oorreot  a newer  given 

3fi#  What  is  the  purpose  of  the  crystal  (Y-401 ) in  the  range  mark 
osQilletor  oirouit? 

(a)  it  is  the  source  of  range  markers 

(b)  It  is  a source  of  sigpal  for  the  oscillator 
(o)  it  stabilises  the  oscillator 

(d)  it  provides  a trigger  for  the  oirouit 
(a)  no  oorreot  answer  given 
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PART  T 

abode 

1.  ( )(  K )(  )(  ) 

abode 

2.  ( )(  )(  )(  )(  ) 

abode 

S.  { )(  )(  )(  )(  ) 

a b e d e 

4.  ( )(  )(  )(  )(  ) 

a b .c  d e 

5-  < )(  >(  )(.  )(  ) 


abode 

16.  ( )(  )(  )(  )(  ) 

abode 

17.  ( )(  )(  )(  ){  ) 

abode 

18.  ( }(  )(  )(  )(  ) 

abode 
19.  ( )(  X )(  X > 

abode 

20#  ( )<  )(  )(  )(  ) 


-* 
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a 
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31. 

( 

)(  )(  )(  )( 

\ 

/ 

1 , 

A 
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32. 

( 
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?■ 

i- 

K 

a 

bode 

W 

3 
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33. 

( 
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b c d & 

f 
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r 
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a 
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35. 
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) 
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6.  ( )(  )(’  )(  )(  ) 
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7.  ( )(  )(  )(  )(  ) 


abode 

21.  ( )(  )(  )<  )(  ) 

abode 

22.  ( )(  )(  )(  X ) 
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0.  ( )(  )(  )(  X ) 
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abode 

9.  ( )(  ,)(..)(  )(  ) 
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24.  ( )(  )(  )(  )(  ) 


v c d e 


25,  ( }(  )(  )(  )(  ) 
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11.  ( ?!  )\  j\  n i 
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S.  b *'■  d » 

( )(  )(  )or> 

87.  <a)<b)('''HaX9) 

88.  (a)(bH0}(d)(°) 
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abode 

15.  ( )(  )(  )(  )(  ) 
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29.  ( )(  )(  }()<} 
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FAMILIARITY  YflTTH  EQUIPMENT 

(5G-lb) 

PART  II 

■4 

« 

On  the  next  two  pages  ere  illustrations  of  two  units  of  the  SG-lb 
radar  equipment,  Yen  will  be  asked  to  locate  various  meters, 

switches  and  controls  on  these  units.  The  parta  which  you  are  to 

' * » 

identify  are  listed  on  a seiarflte  answer  sheet.  These  items 

• * — " " 

may  be  afcswered  by  selecting  the  numbered  arrow  that  corresponds 
to  the  part  in  question  and  writing  the  arrow  number  in  the  blank 
to  the  left  of  the  item.  If  any  of  the  items  ask  you  to  locate 
a part  that  is  not  indicated  by  an  arrow,  write  tre  letters  t!NJH 
(for  5,Not  Indies  ted")  in  the  blank  as  the  answer, 

FOR  EXAf  PI E:r 

what  is  th«  iVUEyc  a*  ©f  the  arrow  that  points  to  thes 
”«  Hsiigs  Scope 

(iJl  S,  PPI  Scope- 

The  arrow  numbered  30,  points  to  the  range  scope  so  th"  number 
30  has  been  written  in  the  blank  for  sample  item  "P.", 

There  is  no  arrow  pointing  to  the  PPI  Soope  so  the  letters 
"NT'  have  been  written  in  the  blank  for  sample  item  “S,” 
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FAMiLiARlTY  WITH 
SO-lb ) 

QUESTIONS  PART  II 

1.  Main  Switch 

2.  STC  Control 

3.  Driver  Current  Meter 

4.  Dial  light  Intensity  Cohtrol 

5.  Range  Step  Sid.  tch 

6«  Expanded  Sweep  Switch 

7.  Overload  Reset 

6.  Lire  Current  Meter 
9 a Signals /Markers  Sw*  tch 
10,  BesrI^i<:,,  Control  Crank 


EQUIPMENT 


11*  Standby/ On  Switch 


12*  Oscillations 
Indi cat or 

13,  Range  Crank 


14.  Receiver  Gain 


15*  Range  Scope 

Astigmatism  Control 


16,  Local  Oscillator 
Tuning 

17,  IAVC  Control 


18.  Transmitter  Battle- 
Short  Switch 

TO  nn  Q TWT  A ^ U 


O rs  *7*  r*  *2  -r>  Drmrnn 

W **  — ■ V w V*  A v»»*  V,v 

Variac 


U&ln? 


APPENDIX  D 


KNOWLEDGE  OF  ELECTRONICS 
(part  I and  Part  II) 

Part  I of  this  test  consists  of  twelve  pages  of  questions, 
plus  an  answer  sheet.  Part  II  oonsists  of  four  pages  of  ques- 
tions, plus  an  answer  sheet. 


D-l 


OF  ELEC?™';  r~G 


BISECTIONS?  Tai«  is  a tost  of  your  knowledge  of  electronics.  The  questions 
all  involve  basic  circuits  and  knowledge.  You  will  find  that  some  of  the 
questions  are  very  easy  and  most  likely  some  will  be  quits  difficult.  It 
has  been  intended  to  ask  questions  over  any  of  the  material  you  bare  studied 
in  ET  School « This  test  is  in  TF">  parts*  TO  NOT  !*ASS  ANT  TiAiiK5  OF  AN* 

KI”D  ON  THE  QUESTION  SHEETS. 


PART  I 


In  Part  I each  question  ia  provided  with  $ possible  answers  or  choices* 
You  are  to  choose  the  answar  that  you  believe  to  be  the  mo3t  correct  and 
fill  in  the  space  under  its  letter  on  the  separate  answer’  sheet*  The  fifth 
choice  or  answer  for  each  question  read3  nno  correct  answer  giver.  n«  This 
choice  should  be  -used  when  you  believe  that  none  of  the  first  four  choices 
correctly  answer  the  question  that  has  been  asked.  Please  attempt  to 
answer  every  question.  Two  sasr.le  questions  for  Part  I are  shown  below. 


PLEASE  RMO  E&Ci?  QUESTION  CAREFULI* 

T*T \\*PT  k:  »f 

V----  — -^-rr  iiu 


Given  the  circuit  at  the  right, 
nuat  is  the  amount  of  our  rent 
il owing  through  the  ci ccuit? 

(a)  10  amp 

(b)  1 amp 

(c)  Ool  anp 

(d)  .01  amp 

(c  J r*u  wi  ryCi*  ax  -C  <lftj . g x v a.- 
EXAUPIS  N 

What  kind  of  component  is  represented  by  the 

(s)  a relay 

(b)  a motor 

(c)  a resistor 

(d)  a capacitor 

(a  j no  correct  answer  given 
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symbol  L—I37? 


Ir. 

; he 

acccsr-anyinr  circuit,  ?taat  ia 
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t 

V ./ 
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volts 
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t .* 

L<j  0 

1 * Volos 

50  >■' 

( d j 

25 

volts 

0 

t 

\ 

t e) 

ao 

correct  answer  given 

A class  nCn  amplifier  is  one  which: 
(a)  is  biased  well  above  cutoff 


A/W«A.— 

zr< : Au.. 


(t>)  is  biased  at  cc.to.ff 

(c)  is  biased  below  cutoff 

(d)  is  biased  at  zero 

(a)  no  correct  answer  Riven 


— 5 
i 


3*  In  a F<,H.  receiver,  what  is  the  purpose  of  the  limiter  stage  which 
usually  p re needs  the  detector  circuit? 


(b) 

(c) 

(d) 


the  licit er  stage  eliminates  all  signals  except  the  carrier 
frequency  of  the  station  to  which  tna  receiver  is  tuned 
the  limiter  stags  eliminates  the  presence  of  any  amplitude  modula- 
tion the  carrier  may  have  acquired  between  the  transmitter  and  r,'.*.p 


limiter  stage 

the  limiter  is  primarily  to  attenuate  the  sign/u 
in  the  case  of  very  strong  signals 
the  limiter  is  used  to  limit  phase  modulation 
no  correct  answer  giver. 


to  pi  ever  it  blasting 


he 


Given  a transformer  with  unity  coupling 
The  primary  winding  has  h>280  turns » The 

Ignoring  losses.  #.1-«it  would  be  :he  output 


The  input  voltage 
secondary  has  2?oO 

voltage? 


is  hhO  volts 
turns  - 


OXJ  fciiu  vcits 
(b)  2jO  VOltS 


( e) 

760  volts 

(d) 

880  volts 

(e) 

no  correct 

ans-rer  given 

• 

The 

spot  intensity  produced  in  a cathode 

lay  tube  can 

be  increased  by 

(a) 

aecreasing 

Urihi  bcCuuu  cuxudc  VC.i/t«CL£lj 

(0) 

decreasing 

the  bias  voltage  applied  to  the  grid 

(c) 

increasing 

the  voltage  applied  to  the 

vert ’ oaf  lei 

lection  plates 

(d) 

applying  a 

higher  positive  voltage  to 

the  car node 

Of  Ohv  bu  ;'•» 

(*) 

no  correct 

answer  given 

6.  Given  a UO  nh  ceil  and  a 9 uf  capacitor,  at  what  frequency  will  they 
resonate? 


(a)  1*969  kc 

(b)  3 -'979  kc 

(c)  3-6  kc 

(d)  they  will  not  resonate  e.c  any  frequency 

(e)  no  correct  answer  given 
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9. 


t»hn  V>  -tr^U-L'v y 

what  is  the  total  resistance? 


6 

100  v 

n 


1 
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(a)  1,67  ohms 

(b)  3*75  ohms 

( c ) 7 • 5 ohms 

(d)  30  ohms 

(e)  nc  correct  answer  given 
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In  alternating  currant,  circuits: 


& 
*71  * 


(a)  thia  current  is  constantly  changing  value 

(b)  the  voltage  i«  constantly  changing  value 

(c)  the  voltage  remains  constant,  but  the  current  changes  both  its  value 
and  direction 

(cl)  the  voltage  is  periodically  changing  value  and  polarity  ?*hile  the 
current  is  changing  value  and  direction 


/ 


JS 


(e)  no  coirect  answer  given 


tfhat  kind  of  circuit  is  shown 


it  the  right? 


(a)  an  Eccle:?-Jordan  multivibrator 

(b)  a free --running  multivibrator 

(c)  an  electron  coupled  multi- 
vibrator 

(d)  a slate-coupled,  one-shot 
multivibrator 

(e)  no  correct  answer  given 
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10,  The  circuit  at  the  right  goes*. 
lr, u*j  sporadic  '.xC'U  a m; 

continues  to  oscillate  after/ 


!; 


the  input  signal  7 a removed.  ( .-—v: 


-A.” 
<■*  : 

** 

A 


KVV.-  - - i. 
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Wort  i?  tho  most  likely  causeVcvvO 


^.P  r£- 


of  the  trouble? 

i o»az> 

(a)  improper  adjustment  of” 

(b}  shorted  *7  ' 

( c ; open,  primary  of  \ 

v g 7 0 minus  vc  it  age  i«  too  u ignb, 
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- 6-~s 
' f>' 

/f 


it;  / 
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J — P; 


J/_  c*‘  & 
7t~  C*. 

C<b  ! 
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v,e)  no  correct  an  ever  given  ^ , v . 

11-  tfby  is  the.VTVM  the  most  accurate  type  of  voltmeter? 


cj  1 


(a)  the  output  impedance  of  the  vacuum  tube  is  so  great  that  a small 
change  in  input  creates  a treat  change  in  the  output 

(b)  the  meter  movement  is  much  mere  sensitive  then  'chose  used  by  other 
types  of  meters 

(c)  it  has  a high  internal  resistance  which  lowera  the  shunting  effect 
of  the  voltmeter 

(d)  the  Tf7!5  makes  U3S  of  more  ranges  so  that  you  can  cnoose  a range 
that  will  give  you  a center  3cal3  reading 

(e)  no  correct  answer  given 


v 


,4Cf[ 

•-17* 

m 


5 * 


. •=# 


> * 


Given  an  inductance  ox  0.4  rah.  and  a frequency  of  100  Yc. 
inductive  reactance. 

(a)  U0  ohna 

(b)  12$»66h  ohms 

(c)  150.797  ohms 

(d)  ? 51 -35 3 ohms 

(e)  no  correct  srswar  given 


find  the 


13=  Wist  type  of  circuit  is 
represented  at  the  right? 

(a)  a band-pass  filter  ^ 

(b)  a low-pass  filter  *- 

(c)  a hi-pass  filter 

(d)  a band-reject  filter 

(e)  no  correct  answer  given 
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i rw 
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Given  a capacitor  of  0,5  uf.  and  a frequency  of  5 kc.,  r/hat  would  he 
the  capacitive  reactance? 

(a)  ,016  ohms 

(b)  .06^  ohms 

(c)  15.71  ohms 

(d)  63.66  ohms 

(e)  no  correct  answer  given 

«i'uh  the  circuit  at  the  right  j 

which  is  biased  just  below 
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cutoff,  what  would  bo  the 
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iiriei-f>  raiijao  the  accompanying  circuit 
be  used? 


(a)  test  oscilloscope 

(b)  voltage  regulated  pern 

(c ) random  noise  ga.xorator 

(d)  super-re generative  receiver 

(e)  no  correct  answer  given 
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IV o Given  tne  circuit  at  the  right,  find  Sf  J 
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(a) 

9 

volta 

** 

\.o ; 

36 

volts 

(c) 

72 

volt-a 

(a) 
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7 v* 

coles 

(e) 
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18..  What  is  the  purpose  ;f  the 
coil  in  the  circuit  at  the 
right? 

(a)  to  eliminate  phase 
shift 

(b)  tc  act  as  a high  impedance 
to  audio  frequencies 

(c)  to  act  as  low  imoedsnee  to 
RF  frequencies 

( d ) to  act  as  an  RF  choke 

f e ' nn  ['•nrrsftt.  ansRar  tr-is-ir. 
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19„  Given  the  circui 


the  right. 


find  the  impedance  of  the  circuitc 

(a)  70*7  ohms  at  an  angle  of  U5° 
(o)  ihlc’i  ohms  at  ex:  anele  cf  a 5° 

(c)  11*1  ..U  ohms  at  an  angle  of  •h$i" 

( d)  200  ohms  s.t  an  angle  of  ?0° 

(e)  no  correct  answer  given 
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^ 100 


.n 
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o-iC’C 
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■fiiU  r, 


Decreasin' 


t3  -he  negf/uvs  bias  on  a sawtooth 
triode  { thy ratron ) will  have  what  effect? 


generate**  using  a gas 


(a)  decrease  the  output  frequency 

(b)  increase  the  output  frequency 

(c)  increase  the  amplitude  of  the  output 

(d)  have  no  effect  on  the  output 

(e)  no  correct,  answer  given 


4* 
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What  type  of  circuit  is 
represented  at  the  virchi? 

(a.)  & band  pass  filter 

( u j 3 -LOW-  pc.US  1 little  J 

(c)  o hi -pass  f il'MS 

(d)  a band-rejection  filter 

(e)  no  correct  answer  given 
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A potential  of  13'  volts  across  a resistance  of  ho  a -ohms  would 
cause  how  many  amperes  of  current  to  flov? 
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(a)  -.112  amp- 

(b)  o33.3  amp 

(c)  ..07b  amp, 

?no  -j  nr\  - - 

\ y ii  wv  >oaj|/  , 

(e)  no  correct  answer  given 
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What  type  of  circuit  is  represented 


^ 4-  2. V.  — — ? -ui  »; 

«»s.'  who 


.A  A \ A A iA  A A A A , 

v v J K*  Y v t*  v v f 


I '« 


(a)  a frae-r  .inning  r:  fi  tivlbrator 

(b)  a self -pulsing  oscillator 
(e)  an  Bcc.ley— Jordan  multivibrator  j 

(d)  s single -owing  blocking  ,••" 

oscillator  ( 

(e)  no  correct  answer  given  l ri.-l 
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The  cost  important  fact  about  the 
circuit  shown  in  problem  ?.}  is 
■chats! 

(e)  it  will  not  .fork  f> n..._ 

(b)  it  gives  “one  cycle  of  output  >• 
for  each  trigger  pulse  ' 

(o)  it  will  operate  only  with  a 
positive  trigger 

\d)  it  can  bo  synchronised  only  by 
^ stilng  of  negative  pulses 
'veJ  no  correct  unawsr-  given 
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2f  Given  the  circuit  at  the  ri ght- 
find  the  total  impedance.. 


f'" 


v .. 


(a)  201  chas  at  sui  angle  of  ?0 

(b)  282 i 7 chns  at  an  angle  cf  -Up' 

(c)  2 03  ohsu  at  an  angle  of  -tO° 
^d)  500  ohms  at  an  angle  cf  -56° 
(c)  no  correct  answer  given 


’w  -• 


26c  If  «•  60  cycle  eirte  ws.ve  were  applied 
to  the  circuit  at  the  right,  what 
would  be  the  output? 

(a)  a series  of  share  •voltage  srpikee 

(b)  a slightly  distorted  square  wave 
(w)  * sine  wave  out  of  phase  with  the 

input 

(d)  a very  highly  distorted  etna  ..'are 

(e)  no  correct  answer  given 


2?  a Ir  the  circuit  shown  at  the  right,  r — 

at  on«  L/R  time  sorter  the  application 

of  the  battery  voltage,  what  will  be  * j 

the  voli?,sje  sci'ose  R?  — , 


5 OF  U F 


(a)  9 volts 

Ou  S *>nr 

Ft  / j / ruAwa 

(c)  63  volts 
(d)  91  volts 

(e)  no  correct  answer  given 
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23 o The  circuit  at  the  rignt 

is  used  in  a radar  rs~ 

ceivei-o  VJbnt  la  the  , ‘ 


*v- 

ft  • 


'V  TO/S/S 


purpose  of  the  stagta  i 

containing  V-2004?  * 

(a)  audio  IF  amplifier  j 

(b)  video  limiter  , 

(c)  video  IF  amplifier  i 

(d)  audio  detector  l 
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(e)  no  correct  a:' ewer  givWa  — - — j--- J-  > 


29  „ In  the  circuit  uaad  for 
problem  26,  what  is  the 
primary  purpose  of  £-2016 
and  R-201?? 


; i *.  Tsrev^^4*  v_c.no/.  fw%m 


oscillating  1 j * 

(b)  to  decrease  the  bandwidth  f 

of  Z- 2004  -7 

^s)  to  develop  the  signal  voltage 
for  V-20C4 

(d)  to  act  as  a plate  load  for  the  preceding  stage 

(e)  no  correct  ansi/er  given 
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'^lven  cue  t-wo  uanK  circuits  ■»</ 
the  right  which  are  resonant 
at  the  same  f requencyi 

(a)  X would  be  preferred  for 

most  applications  „ 

(b)  T would  be  preferred  for 
most  applications 

(c)  neither  X nor  Y would  be 
practical  due  to  the  high 
inductance 

(d)  there  would  be  no  difference 
in  the  operation  of  the  two 
circuits 

(e)  no  correct  answer  given 


31 «,  What  type  of  circu.it  is  repre- 
sented by  the  diagram  at  the 
right? 

(a)  a positive  limiter  F;.-. 

(b)  a Foster- Seeley  discriminator 

(c)  a diode  detector  , 

(d)  s negative  clamper 

(e)  00  correct  answer  given 
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320  What  is  the  purpose  of  G1  ia  the  diagram  above?  I j 

^ to  0 

(a)  to  act  with  R,  in  forming  a parallel  resonant  circuit 

(b)  to  develop  a phase  shift  for  a di  scriminatiorr^ -integration  network 

(c)  to  maintain  a constant  positive  reference  voltage  for  the  following  stage 

(d)  to  filter  60  cycle  hu»  out  of  the  output  voltage 

(e)  no  correct  answer  given  \/ 


In  the  circuit  at  the  right-  „ \*_ 


Qc<d 


what  is  the  purpose  of  the  ~'y\ _4_ 

network  composed  of  t? , s C,  ! cJCq 

Kid  V-1B?  ' L’  1 O-—1 'jo 

(«)  fimB  y'lyi  flivitvi  gaJn  circuit 

(b)  slTP.pl » automatic  volume 
control 

(c)  separate  audio  channel 

(d)  delayed  aut-cmatic  volume 

^ 

COiiTiIDi. 

(e)  no  connect  answer  given 
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V£?4««  from  fcnva  to  lOr.3  c 

vfoai  will  be  the  variation  of  Fv 

daring  this  period? 


(a) 

300 

to 

60  voltn 

(b) 

25C 

to 

290 

volts 

(c) 

290 

to 

250 

\7A  IT. a 
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LOO  v^lt*9 

(e) 

no 
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■??i  ftiven  the  acconiranyiiU:;  circuit , 


36, 


find  ^otal*1 

(a)  5 oais 

(b)  5.24  ohms 
(e)  6 ohms 
(d)  6„55  ohxns 

\s)  no  correct  auisvjsv  given 
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VJhst  would  be  the  effect  of  a substantia?,  decreaso  of  the  .tagnatron  nagjietic 
field? 


(a)  the  plate  current  would  decrease 

(b)  the  frequency  of  the  output  would  ijad'-eaae 
(«)  one  plats  current  will  increase 

(d)  & slight  inc rerii'«f  in  the  timing  range  of  t’v*  saagnoltfen  viill  oocur 

(e)  no  cor  row  t ani')t5?  given 

What  type  circuit  is  shown  at  the  right? 
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(a)  Hejptley  oscillator 

(t  ) electron  coupled,  oscillator 

(c)  Colpitis  oscillator 

(d)  blocking  oscillator 
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(a)  double  the  value  cf  loth  coupling 
(ts)  double  the  va>ue  of  one  coupling  capacitor 

(c)  halve  the  value  of  both  coupling  eapsc-itor* 

(d)  naive  the  value  of  one  coupling  capacitor 

(e)  no  correct,  answer  g5 v#»n. 
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a jittery*  erratic  sweep  on  an  indicator-  -scope  is  normally  an.  indication  of 
which  of  the  fallowing  .ossible  troubles? 


(a)  defect  ire  clamping  in  the  sweep  amp3.ifier 

(b)  insufficient  limiting 

(c ) varying  gain 

(d)  unstable  3 plus  or  /Jne  voltage 

(e)  no  correct  answer  giver. 


Cathode  fcllci'crs  have  what  important  characteristic? 


(a)  high  voltage  gain 

(b)  180C  phase  shift 

(c)  high  power  gain 

(d)  no  power  gain 

(a)  no  correct  Mower  given 


In  the  accompanying  circuit,  if  a 
2000  ohm/ volt  voltmeter  with  a 
f ul?t/seaJLe  reading  of  500  volts 
were  placed  across  R~  what  would 
be  the  voir age  reading? 
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(a)  11?  toIU 

(b)  m -volts 

(c)  175  volts 

(d)  2?4  volts 

(e)  no  correct  &n3wii*  given 
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Given  the  ohesneter  circuit 
at  the  right,  what  would  be 
the  mid-scale  reading  of 
the  meter? 


'J y 'Ah 


D - 4.0  O 

"i  — * ,j  — * i~. 


) 


(a)  I ohm 


fb. 


U) 


50  ohms 
60  oItcus 


/ 3 \ ^ r*-\ 


3.00  ohms 


%. ' S 


iJ  ~r..r 

jj  Vi  - ■" 


•po.i,  i 
\ ‘ / 


M .5 


is;  no  correct  anrwer  givia 


-ini 


>:r 


1 '*> 


that  typo 


of  circuit 


is  shov.il 


at  the  right;' 


Av- — 


(a)  positive  limiter 

(b)  positive  clolupr.r  j 

(c)  negative  clamper 

(d)  negative  limiter 

(e)  iio  correct  answer  given 
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Th<=  circuit  at  T-be  riptrt 
represents  ar.  ir>t .esssedi- 
ato  stage  in  a trans- 
mitter, riich  one  of 
the  following  statements 
is  true*? 
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(a)  if  the  input  frequency  ol  /o  • f\ 
is  correct,  0,  must  be  & jJL  * 

tuned  for  ndnSmsn  ^ O (K4/  M, 

reading  on  q ) ^^2^'  * 
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(fc)  if  the  grid  tank  is 
properly  tuned,  C* 
should  he  adjust sc 
for  maximum  reading 
on  feu 
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%c}  if  the  grad  circuit  is  properly  tuned,  should  be  ad  justed  for  minimum 
reading  on  ' 

(u)  if  the  input  frequency  is  correct,  C-  should  be  tuned  for  zero  reading  on 

\ 1 

(e)  no  correct  snsv«r  given 
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45  o Using  the  same  circuit  ahewn  for  probisw  number  44,  operation  is  normal  for  a 
short  period  after  equipment  is  turned  on,  then  failure  occurs.  M,  indicates 
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trouble  o w>at  is  the  likely  causae  of  the  trouble? 
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right,  which  of  the  fol7.ov.inK 
would  fe«  true  at  the  re sonant 
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(a)  Eg  wqupls 

(b)  *U  cou^ls  sl 

It  * t* 
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(cj  I equals  zero  ar.d  E,  equals  2^  , 

(d)  equal  a 

(c)  no  correct-  answer  given  i 
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L.7  A differentiator  circuit  has  a capacity  of  Ool  mfdo  and  a resistance  of  ^0  K-otanSc, 
It  the  tiso  of  one  letemation  of  the  ixiput  eignc.1  is  1000  micro  second*,  --ho- 
time  constant  of  the  circuit  is  considered  to  be; 
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(b)  very  short 

(c)  very  long 

(d)  medium 

(e)  correct  answer  given 
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(s)  no  correct  oucpiiw 
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Vtfh&t  determines  the  frequency  of  a magnetron  o sdllator? 


(a)  the  resonant  frequency  of  the  LC  components  in  tn«s  6*—'-* 

(b)  ionizing  potential 

(c)  voltage  between  plate  and  ground 

(d)  the  potential  between  cathode  and  ground 

(e)  no  correct  snsmr  givi-n 
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The  diagram  at  vhe  right  represents 
the  impedance  curve  of  a tuned  circuit. 
Which  of  these  statements  is  true? 

(a)  the  bandwidth  of  the  circuit  must 
be  loss  than  2 kc» 

<b)  7 ho.  falls  within  the  bandwidth 

m. ...  — ..  AVa  a*< 

(c)  13  kc.  falls  above  the  ba&daffeHh 
frequencies  of  the  circuit 

(d)  the  bandwidth  of  the  circuit  is 
at  lease  6 kcc 

(a)  no  correct  answer  given 
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In  Part  II.  there  are  three  circuits.  Each  cisjuit  is  accompanied 
by  15  staterr>ent 3 about  the  circuit,,  You  are  to  decide  vihether  the 
statements  are  true  or  false „ Indicate  your  choice  by  filling  in  the 
space  imder  ? or  F on  the  separate  answer  sheet  „ Please  attempt  to 
answer  every  question  but  ROT  mak*  WTTJ3  Guesses  „ A question  that 
is  part  true  and  part  false  should  be  marked  false « Two  sample 


quest  lor  5 are  shown  belov. 
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Pr.  The  vacuum  tube  shewn  above  is  a pentode a 
Qo  The  element  marked  r“i"  is  the  plate, 
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l0  R^  prevents  the  ret-ier  supplv  friwi  uciitg  oveibloaded,. 

2.  % increases  the  current  rating  of  the  power*  supply* 

3 c Rj  decreases  the  avail -Jole  output  voltage  a+  point  Xc 
4<>  R2  ^-s  primarily  a safety  devico  for  the  power  supply,. 

5o  If  R-*  were  open*  the  circuit  i*>uld  continue  to  operate  0 

6t  The  purpose  of  R^  is  to  discharge  and  C,  after  the  power  is  turned  off 

?t  Point  A or*  the  secondary  of  T.^s  alternates  at  potentials  above  and  below 

0o  If  &,  ware  open,  excessive  hum  would  be  noticed  as  wfell  cs  increased  voltage 
at  point  X-, 

if  t */ore  shorted,  most  likely  t rectifier  would  bum  out* 
o ' 

10o  Altar  the  power  is  turned  on.  the  negative  sice  of  is  at  point  S„ 

. 11;,  The  circuit  shown  in  figure  3 is  a full  wave  rectifier  with  a condenser 
input  filter., 

l?o  Coryienser  C,  chargee  every  h^lf  cycle., 

13 o The  electron  flow  is  fror.  E to  A at  the  transformer  secondary, 

14o  The  filtering  syst-ani  that  is  us«d  in  figure  1 would  be  satisfactory  for  uss 
as  a paver  supply  for  a natter  oscillator  r 

35o  If  the  output  of  the  above  power  supply  is  ruich  lower  than  normal*  the 
vacuum  tube  is  most  likely  at  fault c 
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The  circuit  shown  in  figure  2 5.3  a Cclpitt’s  oscillator, 
the  circuit  shown  in  figure  2 is  3elf-biaseci - 

If  the  circuit  in  figure  2 is  te  operate  properly  V.  must  operate  oa  the 
lower  portion  of  uu5  Eg— Ip  uorve , 


29, 


30. 


Rj  would  be  called  a series  grid  leek, 

C-  acta  as  a D,  C0  block. 

As  the  circuit  is  drawn  in  figure  2.  E„  serves  the  same  purpose  as  and 
therefore  one  or  the  other  could  be  removed  and  the  circuit  wuld  continue 
to  operate. 

When  a vacuum  tube  is  used  as  in  the  above  circuit s its  e<*t ion  is  really 
that  of  re  ctif  i oat  ion ,, 

The  grid  is  driven  positive  and  beyond  cut-off  with  each  alternation. 

When  onerat5ji-.  the  circuit  in  ilgurc  2 v;or*raH:r  oners  ter-  class  AB0, 

The  circuit  in  figure  2 could  be  used  ac  a master  osviiLivtor  in  a communica- 
tions transmitter. 

With  the  circuit  is.  figure  2,  an  increase  of  plate  voltage  to  accompanied 

Wrr  jjAswaabn  n »i  piclts  CUTTSH't*  i j/ITOVldliig  n*  r;?r^np  _ 

In  figure  2„  the  purpose  of  is  both  that  of  coupling  and  blocking 

The  components  and  I»„  compose  part  of  a feedback  r.eiucrk  in  fig?.*. re  2 , 

A practical  cheek  which  may  be  used  to  determine  if  the  circuit  in  figure  2 
is  operating  is  to  mac  sure  the*  D„C„  voltage  at  point  T, 

The  circuit  in  figure  2 vd.ll  not  oscillate  unless  the  2/  supply  Is  well 
regulated.. 
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The  stags  V-. 
plate  currant 


i?  prSaiarxly  a voltage  amplifier  and  should  operate  so  that 
flows  during  the  entire  input  cycle. 


If  fidelity  is  to  be  naintalned*  7,,,  the  power  amplifier,  must  be  operated 
as  a class  "A1  amplifier,- 


Contact,  bias  has  beer,  employed  for  stage  V^> 

A good  tube  ci'oire  for  V-.  would  be  a sharp  cut-off  pentode » 

The  gain  of  the  circuit  in  figure  3 would  be  iru,.. -eased  by  the  removal  of 
Cj  but  with  a resulting  increase  in  distortion, 

The  type  of  coupling  used  between  Vj  and  Vg  is  desirable  because  of  th* 
relativsiy  good  frequency  response  that  ie  cbty ined  at  a.  fairly  low  pro- 
duction ccst. 


The  color  code  Ou  R0  isj  orange,  brown,  silver,  If  the  resistor  is  within 
specified  volex,wnce‘'it  will  measure  between  297  and  363  ohms , 

If  were  one  megohm,  end  no  signal  were  applied.,  7^  would  ocr.t  likely  be 
biased  beiu"  Cub— Of f , 

Through  XCm  the  electrons  will  always  flow  in  one  direction,  and  the  d\  reatiaa 
will  be  from  A to  3, 

If  C were  open,  the-  IF.  drop  across  cl  would  vary  ir,  phase  with  the  signal  • 

3 ■*- 

If  the  control  »rt  r.i  R,  ./ere  set  at  Vr-e  extreme  t-  a,  the  r.ign  fru j-.v-.-'-y 
response  would  be  attc.^vted, 

If  ftj  were  to  opur;,  r>po?a*ic-«  of  7-»  would  ecnlina0  for  a short  period uhsw 
ceaat, 

Increas5.ng  the  value  of  C„  nv.alc.  actually  ini  r*A3e  toe  ragd  • r-=  juew  y 
response , 


The  purpose  of  B, in  figure  3V.  is  to  offer  a high  inpedan^e  screws  which 
the  input  signal 'will  appear, 

prevent s V-,  ar.d  frora  having  a corr-on  piste  circuit  imt  edance , 
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wMWMwrawwjwsKPww!  t -mmss.  w imPBPSW 


4*  Have  you  ever  worked  with  electronic s equipment  either  in  the 
Navy  or  civilian  life? 

Y5--9  NO 


&.  If  the  a newer  to  Question  4 is  "yes“  toil  what  equipment  you  have 
worked  with  and  for  approximately  how  long* 
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PROPOSED  TESTING  SCHEDULE 
Contract  Wo.  N6  eri  07142 


*'.4  TT«  ••£. 


4 Til  4 

V 


..  «4»  \T.  r»  'f 

a/ A «'«•  »**  -* 


Totting  tc  Begin  on  or  about  1 May  1953 


1. 


General  .Requirements  for  Subjeois 
a.  Minimum  desirable  number  of  lubjeots  — fifty  (50/ 


b.  Schooling  desired  --  Graduation  from  Clast  !,AM  ET 


school,  or  a l 1st; at  completion  of  radar  training  in 


»L *»  El* 

M « UV‘!W^t 


d. 


Naval  experinece  desired  — No  experience  as  an  ET  sub* 

sequent  to  graduation  from  a Cit>oo  "A”  ET  school. 

Pay  grade  range  desirable  — None  above  El’S. 


: i 


2. 


Gsne ra 1 Requirements  for  Equipment  and  Space  to  be  Available 
at  the  Hasting  Fuoility 


■-  A minimum  of  two  (2)  SG-ib  acts  in 


V 

3 • 


operating  condition.  Six  (6)  would  be  desirable. 

Jt'yvw  1UL  eldluiriio^i<>  of  l®  * SnO  pBIl^Ai  C68C8  •“ 

Space  and  decks  or  chairs  with  * tms  for  testing  one  group 
at  one  time.  For  group  size,  sea  3d  below. 


** 

t?  n 


Schedule  for  Tasting 


Fir 8*  r~*- 


* 


* 


Group  la  \ \ 

^ \ X \ \\  \ 


Group  Ha  ] | ruv  in'crts 

^*4°  1 


IT 


O' 

IV 


\ \ \ Z \ \ 

.>  \ i . ...  -a.,  . 


yf.'bODwrj  resrs 


bt  Seoond  Day 


vi'OUp  jl-Vss 


<■>.  t I 

levv/rc  /.vt'vy 


. -»  «<  /I  yO  — 


-Sl 


firxjup  Ie  Flue  ^&o*n#iUcCA  r F/Of  < J 

-roup  y*^\\\  zr c,Vj\,\\  \\  VfQ-  k,\\  \ 7£W\ 


it^’C  € \ 

V\  \ ■>  \ 


d. 


If  group  else  is  eqM&l  to  twenty-five  (25)  or  loss,  the 
above  schedule  will  be  repeated.  That  isf  the  schedule 
fur  the  first  day  “ill  be  duplicated  en  tr.a  d-y; 

fifth  day,  etc.j  the  sohedule  lor  the  second  da;/  will 
be  duplicated  for  the  fourth  day,  sixth  day-  etc. 

Group  si.se  wljl  u£  limited  by  the  number  of  SG— lb  radars 
available,  and  by  the  number  cf  trained  performance 


E-l 


* 

* 


■f 

|fc 


J S*c;  i 


Page  TVro  of  Two 


TESTING  SCHEDu  LfcJ  N6  ori  07H2 


test  observers.  One  observer  and  one  radar  will  be  needed 
for  eaoh  subjeot  in  a group,  Uno  performance  test  observers 
will  be  supplied  by  the  contractor.  If  mo re  than  two  SG-lb 
radars  ere  available,  additional  observers  can  be  trailed 
by  the  contractor  from  available  Class  V,V  sohool 'radar  in- 
structors Or  C \>ntr  TjlQ  TIX  tu  uOliipamuxo  rlwuwv  0 1*  i»hv  ^ 

SG-ilb'i'  This  training  for  observers  will  require  two  (2) 
day 3 full  time  p receding  the  start  of  testing, 
e.  Numbe-r-of  days  of  testing  time  will  equal  fifty  (50) 

j _ A - - ^ ♦ 4 r _ 

QlTiUOU  Ujf  • 

fr  No  Nary  — supplied  observer  will  be  needed  for  more  than 
two  days  plus  the  number  of  days  cf  testing  time, 
g*  Fo  subject  will  be  heeded  for  more  than  two  (2)  consecutive 
cays. 


FINAL  SCHEDULE  FOR  TESTING 
CUSS  A SCHOOL  FOR  ELECTRO  ICS  TECS"™  I CUSS 
TREASURE  ISIAND 


i 


» 


FIRST  DAY 
' A}M  Seotion  A 

JM  Seotion  A 

SECOND  DAY 

AM  Seotion  A 

Pm  Seotion  A 

THIRD  DAY 

AM  Section  C 

FM  Section  0 

FOURTH  DAY 

AM  Seotion  C 

1~£&  uCC  wiOfi  l* 

FIFTH  DAY 

AM  Seotion  E 

PM  Seotion  E 

SIX®  DAY 

AM  Seotion  E 

f»I  Section  E 


w>  Ihb  tests 
- Performance 


- Written  Teats 

» Written  Tasts 

- Penofmrnoe 

- Perfonnanoe 

- lab  tests 


- Tbb  tests 

- Performanoe 


- Performanoe 

- Written  Tests 


Seotion  B = Porformanoe 
Seotion  & “ Written  Tests 


Seotion  B - Tkb  Test 
Seotion  B - Ferform&noe 


Seotion  D - Performance 
Section  D - Tab  teste 


Seotion  D - Y/ritten  Thsts 
Section  D - Pcrfc-nnauv^ 


Section  F - Performance 
Seotion  F - Tab  teats 


Section  F - Written  Tbe+s 
Section  F - Perfonnanoe 


SEVEN  Hi  DAY 

AM  Saotion  G *«  lab  testa  Section  H - Performance 

FM  Section  G • Performanoe  Section  H - Written  Theta 


*7  *f  j i art  t.  i 

AH  Lull 

\M  Seotion  G - Perl’oraanoe 

FM  Station  G — Yfrittea  teats 

NINTH  DAY 

AM  Section  1 - Written  testa 

ISi  Section  I - Pe r f o rim* n e 

TENTH  DAY 

AM  Section  7,  - Perfeimsncs 

FA  Section  I - Tfeb  basts 


Section  K — Tbb  tests 
Seotion  K - Performance 


Section 


J 

T 

V 


Perform® noe 
Tnb  tests 


Ovation  -J  - Written 
Seotion  J - Perfonnanoe 


Each  seotion  was  originally  scheduled  for  six  men,  but  three 
men  were  unable  tn  continue  the  testa*  and  dropped  out,  eo  that 
the  total  numbs  r of  men  tee  ted  completely  was  57*  Each  seotion 
used  a different  aequenee  of  performanoe  and  tab  items. 
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APPENDIX  F 


OBSERVER  SHEETS  FOR  PERFORMANCE  ' 

TEST  ITEMS 

Forms  similar  to  the  first  shoot  included  in  this 
Appendix  were  prepared  for  eaoh  section  of  the  SG«»lb  radar* 
lliese  forms  ware  used  to  record  voltages,  current  drain, 
scope  presentations,  and  similar  sorts  of  information  for 
es oh  defective  component  which  was  used  in  performance  ana 

4m.  V,  t 4— 

vuw  A UViUOC 


Ihe  second  sheet  in  this  section  was  used  by  performance 
tort  observers  to  rooord  the  sequenoe  of  behavior  by  testees* 
Bra  right  nana  cciiimn  ws.3  used  to  record  time  started,  time 
stopped,  sequence  number  on  whioh  testae  was  working  et  5,  10, 
IS,  20,  25,  sr.d  30  minutes  the  begirminr  of  the  test, 

and  the  time  «t  which  the  problem  was  solved. 

The  orientation  discussion  for  students  t?bs  given  to 
eaoh  observer,  during  the  observer  training  program,  and 
wr s repeated  for  eaoh  new  group  of  students* 


i 


l 


/ 


t 


* I 


**-,  -r 


m 

% 

I 


RANGE  ABB  TRAIN  ISDISAJCJi 

"ESTe  VcTTage 

emitter  Power  Out 

Roo.  Tuna 

Range  Soops 


e? 

wnoop 

Grass 


Video 
Me  rice  re 

Expanded  Sweep 

Pn  mi«a  > 


DEFECTIVE  OC&FGNai? 
~ TsTuss — 


di 
. Va 

at 

Jp 

* m 

1 

' r5 
•± 
»rr 
“*-3 


I 


i 

i 

4 


?PI  Scope 


& 

I 


Sweep 

Rotation 

Video 

«&iVe  rt 

Range  Spot  or  Ring 
Module. tii?.  G vmO*  " tor 
Monitor  Soope 

■ I ■ I 

Rcoeiv*?  Position 
Grs  so 
Video 
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m • 

“•*  -bbc* 

Marker*  Position 
Signals  Position 
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Gaeixlstiun  India, 

Xnitter  Current 
iotf  i DC  drain 
Driver  current 
Ring  time 
Frequency  Spee, 

Relative  Power  Out 
Frequency 
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nPPI"  SCOPS 


MONITOR  SCOPE 
RECEIVER 


MOD.  PULSE 
TRIGGER 


WALL  LEVER  SWITCH^ 
MAIN  SWITCH 


standby/on  switch 


EMERGENCY  BATTLE  SHORT 

■ 

RADIATION 


RADIATION  POWER  CONTROL 
OVERLOAD  RESET 


TRANS/kSC  tune  METER 
RFC  .TTJNE/NORKAL  SWITCH, 

RECEIVER  GA  IN 

RANGE  SWITCH 
s IGNALS /MARKERS  SV/ITC K. 
TUNING. INDICATOR  METER 
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SOLVES  PROBLEM 


BISCUSS1CN  WITH  STUDENT  TEST  SUBJECTS 
CUSS  A SCHOOL  FOR  EIECERCNICS  TECHNICIANS,  TREASURE  ISLAND 


'iiy  name  is  Lyman  Smith  and  this  ia  Mr.  Joseph  Feat*  - 
are  representative  a of  the  University  of  Illinois  who  ere  work- 
"s  wader  Ovtitraot  through  the  Bureau  21  Nayil  re r . ; 1 ^ *3is 
Navy  is  interested  la  learning  more  about  the  job  of  perfora- 
. anos  testing..  They  regard  performance  tvsts  as  important  be- 


cause smc.ig  ethos*  thissgs,  they  believe  that  rwrfon>jn6c  testa 
are  u fair  way  of  judging  how  goed  or  how  poor  a taehr-loian  is 
at  trouble  shooting*  We  have  developed  a series  of  perferaenos 
teat  items  using  the  radar  vehicle  which  you  studied*  SG-lb* 


" At  tftia  pvint  it  is  necessary  that  wo  study  end  inves- 
tigate the  test  i'cens  themselves.  Now,  obviously,  sals  is 
difficult  unless  « ;me  personals,  this  **?<»  teehniaian*;  take 
the  teat.  ISiie  joints  specifically  to  the  reason  way  *•  «Jv 
here  r.t  Treasure  Inland-  As  it  happens,  eaoh  of  you  haa  been 
selected  •?«  * rtrt  of  the  grove  that  can  help  ua  by  ’taking 
these  tests*  Xu  general,  we  are  asking  two  things  oT  you. 
First,  we  would  like  you  to  take  a aeries  of  performance  test 
itema  on  the  SO-  lb « Second,  we  would  like  you  to  tV e * 
number  of  other  teats  of  thz  p-:-*”?’  * d pencil  type.  He  think 
you  Till  find  these  interesting.  On*  -?  the  paper  end  ponoil 
testa  ia  quite  novel. 

’’Wow  let  me  emphasize  that  the  -*  des  you  make  on  these 
tests  will  have ’absolutely  no  aiTect  •at  your  rradaa  in  clese, 
the  duty  to  which  you  may  be  ea 3i gp.*  ~ . if. ? to  r grain* tins,  whether 
or  not  you  participate  in  activities  jo  the  base,  whether  or 
not  you  get  liberty  or  leave j_  If  frnt  ,t*hiu» -tests  will  not  be 
scored  until*  some  time  = ft*r  you  he-- a left  this  base.  I oar.™ 
not  emphasize  this  point  tec  stronj,!".  We  just  want  your  >»sst 
effort  to  do  es  well  a a you  are  oapt  r.e  of  doing  os  each  test* 

sine®  we  win  t?e  gxvlug  ihes*c>  ’cists  to  0 nuit-  " — j men, 
acme  of  whom  you  will  know,  some  others  whom  you.miy  -ot  know, 
ws  are  asking  that  you  do  not  disev*a  these  tests  or  whs  c you 
do  during  thv  r.vst  two  days  r;ith  anyone..  This  mi  a C3  »-  chew, 
in  the  berraek'j,  on  liberty  --  rt  any^Iiere-  * reeJi.e 

that  I am  asking  a great  dea  ' of  you  by  this  requ»»t,  but  it 
is  perhaps  6t  greater  significance  rha’J  anything  e-l»e  I will 
say  to  you.  If,  for  example*  wo  s?» r,  not  your  individual 
responses,  but  re ther  responses  th&  t have  been  arrived  at  oy 
eome  group  deoision,  the  information  wa  get  by  givi*?  these 
teste  will  be  useless-  The  bureau  haa  is.va8t#»d  a sisewt-e 
sum  in  terns  of  ti»  and  money  for  this,  study.  By  nearly 
two  xnmu  ys&rs  have  bees  in  vested  in  this  project.  Tills  step, 
giring  the  test*  it  about  the  final  step.  I think  you  can 


e* illy  see  — hy  it  is  A 
the  activities  cf  the 
testing  program  is  eve  : 
course  it  will  be  peri  * 


"Mow  as  to  th*  T>  « 
regard  a test  item  as  ; 
By  this  I mean,  just  n 
destroyer  and  the  SCr-' 
the  ET,  you,  and  a eke 
that  you  do  che  seise  i 

Hf.  ttKnrn  fV»f  .! « 

v*i»  w wv  o we  ■ 

test  equipment,  ccnsv 
you  feel  neoesaary,  A 
thing  is  available  t? 
exception  of  consult ■« 
you  as  you  attempt  t 
will  be  there  for  tar 


and  reoord  the  thing  <* 
are  not  a eking  the  * 
have  done,  but  rutin  r 
recorder  has  been  i j 


IciiuL  you  will  probe’ 
If  you  n^od  *o^e  sa 

to  got  that  materia. 


i 


**Ws  are  giving  you  a t- 
to  work  on  each  item,  no  a. 
le&a  easy  and  scans  others  qu 
sclvs  all  problems,  but  pie;  • 
there  is  a shorting  bar  avu: 
use  it.  ’7©  would  like  to  h»  f 
as  we  found  when  we  came,  if 
the  observer  will  jog  your  a • 
remind  you  that  there  a^-e  tw  ■ 
ag®,  ns  well  as  others  with  > 
appro5i'imat*ly  15,000  volts  a . 
i)on't  trust  the  drop  bar  to 
i'ftkc  sure,  you  gat  the  large  t 
side,  anything  else  inside, 
la  the  o,00G  and  2,000  vol 
oa  the  range  and  train  indios 

"We  hope  you  find  the  : v 
furtheriaoro  hope  yon  <?r?  joy  \ 
,v»n  ho  ions  quite  s«aiiy  i r,  t 
•should  not  be  difficult. 


v'.'tA  tha  half  days  when.  ./ 
will  'trice  thea  in  this  room, 
you  will  bo  working  with  th* 
sp^nt  in  the  laboratory. 


'.cu  u<»  rc-i’eal  a^y  of 

After  rhe  acrnplete 
1 n?st  (this;  week,  of 
o c jt'’U-6  the  teste. 

; « thoa.telvas.  You  should 
. ,.pe  rational  situation. 

..  s’.'e  the  ET  aboard  * 
off  the  ftir.  lhe  OD  calls 
/ it.  New  wo  are  asking 
kborsTory  that  you  would 
.ta  and  information,  w*e 
\i  6oh«rfltioa,  or  whatever 
m^nt  is  concerned,  any- 
•rs.nt  or  nesd,  ~ith  the 
a rated  g?  will  ee  wi  - 
ronnenoe  teat  i turner  "A 
i first  job  is  to  obsei' *< 
do  them.  Hotf.ce  that  w* 
judgments  about  what  you 
lire  ok  of  what  you  do. 

•:  s silent  *8  pcseible 
there  fifter  a f^v-  c. 

. job  oi  tne  obac* 

l • \ *-h  j ty  Jrmt  s 
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